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PREFACE  TO  THE  FIRST  EDITION  OF 

VOLUME  IL 


The  appearance  of  the  second  volume  completes  this  '*  Text- 
book of  Analytical  Chemistry."  I  had  intended  to  describe  only 
such  methods  as  I  had  found  satisfactory  from  my  own  experience, 
and  this  is  true  of  the  majority  of  the  processes.  A  few  of  them, 
however,  I  have  not  yet  tested. 

For  painstaking  help  in  correcting  the  proof  I  am  greatly 
indebted  to  my  dear  wife  and  to  my  assistant,  O.  Brunner.  For 
most  of  the  drawings  used  in  making  the  illustrations  in  the  text 
I  have  to  thank  Dr.  A.  Hill.  I  also  wish  to  express  my  sincere 
thanks  to  my  publisher,  Franz  Deuticke,  for  the  readiness  with 
which  he  permitted  me  to  make  considerable  changes  that  were 
made  necessary  as  a  result  of  researches  made  while  the  book 
was  in  press. 

I  renew  the  request  which  I  made  of  my  colleagues  and  fellow- 
chemists  in  the  preface  to  the  first  volume,  to  kindly  inform  me 
of  any  errors  or  omissions. 

F.  P.  Treadwell,  Ph.D. 
Zurich,  September,  1901. 

•  •  • 
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PREFACE  TO  THE  SECOND  EDITION  OF 

VOLUME  11. 


The  arrangement  of  the  subject-matter  remains  the  same 
as  in  the  first  edition.  On  account  of  numerous  requests  a  table 
for  the  calculation  of  analyses  as  well  as  tables  of  four-place  log- 
arithms and  antilogarithms  have  been  added.  The  latter  are 
those  compiled  by  Professor  G.  Quincke,  and  I  wish  at  this  place 
to  express  my  sincere  thanks  to  him  for  permitting  me  to  use  them. 

I  am  again  under  obligations  to  my  assistant,  O.  Brunner,  for 
his  help  in  correcting  proof  and  recalculating  the  tables. 

The  methods  designated  with  *  have  not  been  tested  by  the 
author,  but  as  they  are  all  proposed  by  trustworthy  analysts, 
he  believes  that  he  can  reconmiend  them. 

F.  P.  Treadwell,  Ph.D. 

Zurich,  October,  1902. 
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TRANSLATOR'S  NOTE. 


This  translation  has  been  made  from  the  second  German 
edition,  but  Professor  Treadwell  has  kindly  indicated  quite  a 
number  of  changes  which  he  intends  to  make  in  the  third  edition. 
Since  it  has  been  my  aim  not  so  much  to  prepare  an  exact,  literal 
translation  as  to  publish  a  book  which  will  be  useful  to  English- 
speaking  students,  I  am  under  great  obligations  to  several  of  my 
friends  and  colleagues  for  suggesting  certain  other  changes.  That 
part,  of  the  proof  relating  to  Gravimetric  Analysis  has  been  care- 
fully read  and  criticised  by  Professor  Henry  Fay,  that  relating 
to  Volumetric  Analysis  by  Professor  F.  Jewett  Moore,  and  Pro- 
fessor Augustus  H.  Gill  has  twice  read  the  chapter  on  Gas  Analysis. 
I  have  also  received  valuable  assistance  in  reading  the  proof  from 
Messrs.  R.  S.  Williams,  F.  R.  Kneeland  and  J.  R.  Odell,  all  of  the 
Massachusetts  Institute  of  Technology.  I  am  indebted  to  Mr. 
A.  R.  Jackson,  of  Winthrop,  for  several  drawings. 

William  T.  Hall. 
Massachusetts  Institute  of  Technology, 

April,  1904. 
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a  INTRODUCTION. 

It  is,  however,  customary  to  express  the  results  in  percentages; 
therefore  in  this  case  we  have 

Ba 

lOOBa  p  ,  ,     . 

X =--—---•  —  =  per  cent,  banum. 
i5afe04   ^ 

In  the  case  of  volumetric  analysis  the  constituents  are  not 
weighed,  but  they  are  determined  by  measuring  •the  amoimts  of 
reagents  of  known  strength  which  react  with  them. 

Suppose  that  we  have  a  sample  of  caustic  soda  which  contains- 
some  sodium  chloride  as  an  impurity  and  that  we  desire  to  know  how 
much  caustic  soda  there  is  in  100  gms.  of  the  mixture.  A  portion 
of  the  substance  weighing  a  gms.  is  dissolved  in  water,  some  methyl 
orange  is  added  and  hydrochloric  acid  of  known  strength  is  then 
run  into  the  solution  from  a  burette  imtil  the  alkali  is  just 
neutralized,  this  point  being  reached  when  the  yellow  color  of 
the  solution  changes  to  pink.  If  t  c.c.  of  hydrochloric  acid 
were  necessary,  of  which  1  c.c.  contained  exactly  a  gms.  of 
HCl,  it  is  evident  that  to  neutralize  the  caustic  soda  contained 
in  a  gms.  of  the  mixture  a-t  gms.  of  HCl  were  used  up,  and  it 
follows: 

HCl:NaOH=a.<:s 

NaOH 
g"   HOI — ^'^^g"^-  NaOH  in  a  gms.  of  the  mixture;  in  100  gms. 

NaOH        ^     ,^ 

lOONaOH-ai  ^  xt  .-.tt 

x= TjriT- =  per  cent  NaOH. 

We  will  first  consider 

A.    Gravimetric  Methods. 
These  are  divided  into 

(a)  Direct  Analyses, 

(b)  Indirect  Analyses. 

In  the  case  of  a  direct  analysis  the  substance  to  be  determined 
is  separated  from  the  solution  in  the  form  of  an  insoluble  com- 
poimd  and  weighed.  .       . 
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The  determination  of  barium  in  barium  chloride  was  an  example 
of  a  direct  analysis. 

The  indirect  method  depends  upon  the  fact  that  when  two  or  more 
substances  are  made  to  undergo  the  same  chemical  treatment  they  ex- 
perience a  relatively  different  change  of  weight. 

For  example,  suppose  that  we  have  a  mixture  of  the  chlorides 
of  sodium  and  of  potassium  and  desire  to  determine  the  relative 
amounts  of  each  of  the  two  substances  in  the  mixture.  Fo  this 
purpose  a  portion  of  the  mixture  (a  gms.)  is  weighed,  dissolved 
in  water,  the  chlorine  precipitated  as  silver  chloride,  and  the 
weight  of  the  latter  determined  (p  gms.).  From  these'  data  it 
is  possible  to  calculate  the  amount  of  sodium  chloride  and  of  potas- 
sium chloride  that  was  present  in  the  mixture. 

If  we  let  X  represent  the  amoimt  of  the  sodium  chloride,  y 
the  amount  of  the  potassium  chloride,  a  the  amount  of  silver 
chloride  formed  from  x  gms.  of  sodium  chloride,  and  /?  the 
amount  of  silver  chloride  formed  from  y  gms.  of  potassium 
chloride,  then 

NaCl    KCl 
X    +   y  =  a 

AgCl    AgCl 
a    +    /?  =  p 

We  have,  therefore,  two  equations  with  apparently  four  im- 
known  quantities,  but  a  and  /?  can  be  expressed  in  terms  of  x 
and  y: 

NaCl:AgCl=x:a  KQiAgCl^y:/? 

AgCl  ^    AgCl 

^  p;  and  -^r,  however,  are  known  quantities;  they  are  simply 
the  quotients  of  the  molecular  weights  in  question. 

If  we  designate  by  m  the  fraction  ^^^  and  by  n  the  frao- 

lion  x^,  we  have 

x+  y  =a 
mx+ny^^p 
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and  from  this  we  can  calculate 

x^-^ and  y^a—x 

m—n  ^ 

or 


1  n 

x= 'V -a. 

m—n        m—n 

All  indirect  analyses  may  be  calculated  by  means  of  this  last 
general  equation. 

In  the  above  example 

-sS- w— .  "-^-^---^ 

and 

m-n= 0.52895 

If  these  values  are  substituted  in  the  above  equations  we 
obtain 

X  =  1.8905  p- 3.6336  a 

Consequently,  in  order  to  determine  the  amount  of  sodium 
chloride  in  the  original  mixture  it  is  only  necessary  to  determine 
the  values  a  and  p,  then  multiply  them  by  the  coefficients  3.6336 
and  1.8905  respectively,  and  subtract  the  last  product  from  the 
first. 

Although  this  method  appears  so  simple  and  attractive  on  paper, 
impossible  values  are  often  obtained  in  practice,  so  that  it  is  always 
necessary  to  be  very  cautious  about  using  an  indirect  method. 

The  experimental  errors  which  are  unavoidable  in  such  an 
analysis  are  multiplied  by  the  value  of  the  coefficients;  thus  in 
the  above  case  the  actual  error  in  the  determination  of  the  weight 
a  is  multiplied  by  3.63  .  .  .  and  the  error  in  determining  the  weight 
of  the  silver  chloride  (p)  is  multiplied  by  1.89  .. . 

It  is  clear,  therefore,  that  an  indirect  analysis  becomes  more 
accurate  in  proportion  as  the  coefficients  are  small  and  when  the 
error  in  determining  a  and  p  is  slight. 

In  the  above  example  the  coefficients  are  relatively  small  and 
consequently  good  results  are  to  be  expected,  and  experiment 
;£hows  this  to  be  the  case. 

Example:  A  mixture  weighing  0.5480  gm.  (a)  and  consisting  of 
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0.4966  gm.  sodium  chloride  (x)  and  0.0514  gm.  potassium  chloride 
{y)  yielded  1.3161  gm.  of  silver  chloride  (p),  but  from  the  values 
of  a  and  p  we  can  calculate  those  of  x  and  y: 

x=  1.8905  1.3161 -3.6336  0.5480 

=  0.4969  gm.  sodium  chloride; 
y= 0.0511  gm.  potassium  chloride. 

The  calculated  values,  therefore,  show 

100.06  per  cent,  of  the  true  value  for  the  sodium  chloride, 
99.41  per  cent,  of  the  true  value  for  the  potassium  chloride. 

Although  the  above  results  are  satisfactory,  it  must  be  borne 
in  mind  that  the  above  analysis  was  carried  out  with  chemically 
pure  substances.  If  this  were  not  so,  as  is  usually  the  case  in 
practice,  the  results  would  be  far  less  accurate. 

The  same  analysis  may  be  performed  in  a  much  more  simple 
manner  than  as  above  described,  by  weighing  the  mixture  of  the 
chlorides  in  a  platinum  crucible,  then  changing  them  to  sulphates 
(by  treatment  with  sulphuric  acid  and  evaporating  off  the  excess 
of  the  latter)  and  again  weighing.  In  this  case  the  actual  experi- 
mental error  is  almost  nothing  and  excellent  results  therefore 
might  be  expected. 

We  have 

NaCl      KCl 
X     +    2/  =  a 

a     +    ^   =  p 
Na,SO,  ,     .     K2SO4 

^^^  =  1.2150  =  m    and     ^§^  =  l.l686=tt 
2NaCl  2KC1 

m-n-0.0461 
Now 

(1)  X  +  y  =a 

(2)  7nx+n7/=p 
and 

(3)  x= V a. 
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Substituting  the  values  for  m  and  n  in  equation  (3  we  obtain 

x=21.547p-25.181a. 

In  this  case  the  coefficients  are  very  lai^e,  so  that  the  analytical 
error  is  multiplied  enormously  in  the  calculation,  so  much  so  that 
it  is  impossible  to  obtain  even  approximate  values  except  whe* 
the  mixture  is  composed  of  about  equal  parts  of  the  two  chlorides. 
Example:  In  a  mixture  containing  about  equal  parts  of  the 
two  salts  there  was  found 

99.64  per  cent,  of  the  sodium  chloride  present; 
100.76  per  cent,  of  the  potassium  chloride  present. 

In  a  mixture  containing  considerable  sodium  chloride  and  little 
potassium  chloride  there  was  found 

(a)     95.0  per  cent,  of  the  sodium  chloride  present; 

148.0  per  cent,  of  the  potassium  chloride  present. 
(6)     96.8  per  cent,  of  the  sodium  chloride  present; 

129.9  per  cent,  of  the  potassium  chloride  present. 

The  values  obtained  are,  therefore,  worthless. 

In  the  case  of  a  direct  analysis  the  small  unavoidable  errors 
exert  a  much  less  influence  upon  the  result,  so  that  a  direct  deter- 
mination should  always  be  preferred. 

Ordy  in  those  cases  where  a  direct  method  is  unknown  should  one 
resort  to  an  indirect  analysis! 

Operations. 

.  The  principal  operations  of  quantitative  analysis  are  those 
of  weighing,  filtration,  and  the  washing,  drying,  and  ignition  of 
precipitates. 

Weighing. 

The  balance,  as  used  for  purposes  of  quantitative  chemical 
analysis,  is  shown  in  Fig.  1. 

It  consists  of  a  horizontal  lever  with  two  arms  of  equal 
length,  and  in  order  to  be  serviceable  it  must  be  accurate  and 
sensitive. 

It  fulfils  the  first  condition  if 

(1)  The  arms  of  the  lever  are  equally  long; 


(2)  The  point  of  support  (the  fulcrum)  lies  above  the  centre 
of  gravity; 

(3)  The  fulcrum  (a  knife-edge)  and  the  knife-edgea  from  which 
the  pans  are  suspended  lie  in  the  same  plane  and  are  parallel 
to  one  another. 

The  balance  is  more  sensitive  the  greater  the  displacement 
of  the  position  of  equilibrium  brought  about  by  the  addition  of 
a  small  weight,  e.g.  one  millignun. 


Fia.  1. 
The  sensitiveness  may  be  expressed  by  the  simple  formula; 

tan  a*  =  ^-—r 
qd 

in  which  p  is  the  weight  added,  I  the  length  of  the  balance-ann, 

q  the  weight  of  the  beam,  and  d  the  distance  between  the  centre 

of  gravity  and  the  point  of  support. 

The   sensitiveness  of   the   balance   is   greater,   therefore,   the 

heavier  the  weight  added,  the  longer  the  beam,  the  lighter  the 

beam,  and  the  shorter  the  distance  between  the  centre  of  gravity 

and  the  point  of  support. 

*  a  is  the  angle  through  nhich  the  pointer  movtfl  On  the  addition  of  the 
small  weight. 
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For  convenience  in  detennining  the  position  of  the  balance, 
a  pointer  is  fastened  to  the  beam  which,  when  the  equilibrium  is 
established,  rests  at  the  zero  of  a  scale  on  an  ivory  plate  below. 

The  object  to  be  weighed  is  placed  upon  the  left  scale-pan  and 
the  weights  upon  the  right  pan;  the  beam  is  lowered  and  the 
balance  set  in  slight  motion,  by- producing,  with  the  hand,  a 
gentle  draft  of  air  upon  one  of  the  pans.  If  the  correct  weight 
has  been  added,  the  pointer  will  swing  to  the  same  number 
of  scale  divisions  to  the  right  of  the  zero  that  it  does  to  the  left^ 
provided  that  it  does  so  when  there  is  nothing  in  either 
scale-pan,  which  is  usually  not  the  case.  It  is  to  be  noted  that 
when  the  zero-point  of  the  balance  (i.e.,  the  point  of  the  scale 
at  which  the  pointer  rests  when  the  balance  is  in  equilibrium 
with  nothing  in  either  scale-pan)  coincides  with  the  zero  of  the  scale, 
it  may  change  during  the  course  of  the  day,  so  that  disregard  of 
this  fact  may  lead  to  a  considerable  error. 

The  cause  of  the  displacement  of  the  zero-point  is  that  the 
first  condition  for  the  accuracy  of  a  balance  is  not  fulfilled.  On 
account  of  unequal  warming  the  arms  become  of  unequal  length. 

In  order  that  accurate  weighings  may  be  obtained,  it  is  necessary 
to  make  them  independent  of  any  inequality  in  the  lengths  of  the 
arms,  which  can  readily  be  done,  as  the  following  consideration 
will  show.  In  the  case  of  a  lever,  equilibrium  takes  place  when 
the  statical  moments  are  equal. 

By  statical  moment  is  understood  the  product  of  the  force 
into  the  length  of  the  lever-arm,  and  the  length  of  the  lever-arm 
is  the  perpendicular  distance  from  the  axis  of  revolution  (the 
fulcrum)  to  the  line  of  action  of  the  force. 

If  an  object,  whose  weight  Q  (Fig.  2)  is  to  be  ascertained,  is 
placed  upon  the  left  balance-pan  and  equilibrium  is  established 
(the  pointer  rests  at  zero)  by  putting  weights  amounting  to  F 
gms.  in  the  right  balance-pan,  then 

(1)  QZ=P/,. 

If  now  the  object  Q  is  placed  on  the  right-hand  balance-pan  and 
the  balance  again  brought  to  the  state  of  equilibrium  by  placing 
weights  upon  the  left-hand  balance-pan.  in  this  case  the  weights 


IVEIGHING. 


will  not  as  a  rule  amount  to  P  gms.,  but  to  P^  gms.    Since,  how- 
ever, equilibrium  has  been  reached,  we  have 


(2)  Qh=P,l. 


I' 


m 


V 


I I 


o 

Fig   2. 


la. 


K  equation  1  is  multiplied  by  equation  2,  we  obtain 

q^Vpjp. 

The  true  weight  is  obtained,  therefore,  by  taking  the  geometric 
mean  of  the  two  values.  For  practical  purposes,  however,  it  is 
sufficiently  accurate  to  take  the  arithmetical  mean,  in  which  case 
the  true  weight  of  the  object  would  be: 


Q  = 


P+P, 


This  method  of  obtaining  the  true  weight  independent  of  the 
lengths  of  the  balance-arms  is  known  as  that  of  double  weighing. 
The  same  end  is  obtained  by  Borda's  method  of  svbstitviion. 
According  to  this  method  the  object  to  be  weighed  (Q)  is  coun- 
terbalanced (tared)  by  means  of  shot,  sand,  weights,  etc.,  the 
object  Q  is  then  removed  and  equilibrium  with  the  tare  is  again 
established  by  placing  weights  upon  the  scale-pan.  We  have, 
then,  as  a  result  of  the  first  weighing. 


Ql^-TU 


lO 
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and  from  the  second  wd^ung. 


P/=rZi 


from  which  it  follows: 


The  latter  method  is  used  chiefly  in  weighmg  large  objects. 

For  ordinary  analytical  work  the  weighing  is  made  by  the 
method  of  smngs. 

First  of  all  the  zero-point  of  the  balance  is  determined  by  setting 
the  balance  in  motion  (without  any  load  in  either  pan),  observing 


M 


lEL 


Pig.  3. 


and  recording  the  turning-points,  or  extreme  positions,  of  the 
pointer  on  the  scale  of  an  uneven  number  of  swings  (say  five*) 
and  taking  the  mean  of  the  readings.  In  order  to  give  the  same  * 
algebraic  sign  to  all  the  observed  readings  it  is  best  to  number 
the  divisions  on  the  scale  from  left  to  right  from  0  to  20  so  that  the 
zero-point  in  case  both  balance-arms  were  of  equal  length  would 
be  numbered  10. 

The  next  thing  to  be  determined  is  the  sensitiveness  of  the 
balance  for  the  object  to  be  weighed.  For  this  purpose  the  object 
is  placed  in  the  left-hand  balance-pan,  and  by  placing  weights  in 
the  right-hand  pan  equilibrium  is  established  as  nearly  as  possible 


*  The  first  two  swings  are  inaccurate  on  account  of  the  jar  in  shutting 
the  balanoe-door,  etc.,  so  that  they  are  disregarded. 
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and  the  point  of  rest  of  the  pomter  on  the  scale  is  determined  as 
above.  An  additional  weight  of  1  mgm.  is  added,  or  removed  if 
the  object  was  too  light  before,  and  the  point  of  rest  is  again  deter- 
mined. 

The  difference  {d)  between  this  and  the  previous  point  of  rest 
^ves  the  sensitiveness  of  the  balance.  Assuming  the  zero-point  to 
lie  at  10.22,  the  first  point  of  rest,  obtained  with  a  load  of  19.723 
gms.,  to  be  at  9.80,  and  the  point  of  rest  with  a  load  of  1  mgm.  less 
(i.e.,  with  a  load  of  19.722  gms.)  to  lie  at  12.32,  then  the  sensitive- 
ness of  the  balance  will  amount  to  12.32  —  9.80=2.52  scale  divisions. 

As  the  zero-point  of  the  balance  was  at  10.22  and  the  point 
of  rest  with  a  load  of  19.723  gms.  was  9.80,  it  follows  that  the 
object  was  lighter  than  the  weights  in  the  right-hand  pan,  and 
in  fact  the  excess  of  weights  in  the  pan  was  sufficient  to  move 
the  point  of  rest  10.22—9.80=0.42  divisions  on  the  scale.  This 
amount  can  be  calculated  from  the  determination  of  the  sensitive- 
ness of  the  balance  as  follows: 

Since  2.52  of  the  scale  divisions  correspond  to  1  mgm.,  then  0.42 
of  the  scale  divisions  correspond  to  the  weight  which  must  be  sub- 
tracted from  19.723  gms.  in  order  to  obtain  the  true  weight;  there- 
fore 

2.52: 1 =0.42  :x 

0  42 
a:=^^=0.17  mgm.,  or  about  0.2  mgm. 
^.o.» 

The  true  weight  of  the  body  in  air  is  consequently 

19.723-0.0002  =  19.7228  *  gms. 

In  making  a  weighing  one  should  always  accustom  himself  to 
note  the  observations  methodically,  as  follows: 

Assume  that  a  platinum  crucible  is  to  be  weighed. 


*  As  most  anal}rtical  balances  will  scarcely  detect  with  certainty  less 
than  ^  mgm.,  the  weight  is  expressed  only  to  the  fourth  decimal.  If  the 
fifth  decimal  place  in  a  calculation  amounts  to  six  or  more,  the  number  in  the 
fourth  decimal  place  is  increased  one. 
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Zero-point. 

I.  Point  of  Reflt  with  Load 
of  12.052  gma. 

II.  Point  of  Rest  with  Load 
of  12.053  gms. 

Left. 

Right. 

I^ft. 

Right. 

Left. 

Right. 

4.2 
4.6 
5.1 

17.6 
17.1 

5.8  . 

6.2 

6.6 

18.7 
18.3 

3.5 
3.8 
4.2 

15.8 
15.4 

Sum=13.9 
Mean  =4.63 

34.7 
17.35 
4.63 

18.6 
6.2 

37.0 

18.5 
6.2 

11.5 
3.83 

31.2 
15.60 
3.i!3 

Sum  of  both  means = 21 .98 

24.7 
12.35 

19.43 

Mean                       » 10.99 

9.71 

Sensitiveness  =  12.35  —  9.71  =  2.64  scale  divisions. 

12.35-10.99=  1.36  scale  divisions. 

1.36  : 2.64=0.5  mgm. 

Weight  of  crucible^  12.052+00005  =  12.0525  gms. 

The  sensitiveness  of  a  balance  varies  slightly  with  the  load. 
It  is  simplest  to  determine  once  for  all  the  sensitiveness  for  50 
gms.,  20  gms.,  10  gms.,  5  gms.,  and  2  gms.,  place  a  card  in  the 
balance  with  the  results  obtained  and  use  the  numbers  as  required. 

In  this  way  the  sensitiveness  of  a  balance 


with  a  load  of 

was  found  to  equal 

50  gms. 

2.23  scale  divisions 

20      " 

2.28      '' 

10      " 

2.64     '' 

5      " 

2.66      ''          '' 

2      '' 

2.66      '' 

The  determination  of  the  zero- point,  however,  must  be  made 
with  every  weighing.  If  a  number  of  weights  are  to  be  made 
one  after  another  it  suffices  to  determine  the  zero-point  at  the 
beginning  and  at  the  end  and  to  use  the  mean  of  the  two  deter- 
minations. In  case  of  very  heavy  loads,  however,  the  zero- point 
should  be  determined  before  and  after  each  weighing  and  the 
mean  value  used. 
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Testing  of  Weights. 

Although  it  is  now  possible  to  buy  nearly  perfect  weights,  yet 
their  accuracy  should  always  be  tested. 

For  almost  all  analytical  purposes  it  matters  not  whether  the 
50  gm.  weight  weighs  exactly  50  gms.,  but  it  is  essential  that  the 
individual  weights  represent  the  corresponding  relations  to  one 
another. 

In  most  sets  of  weights  the  following  are  found :  50  gm.,  20  gm., 
10  gm.,  10'  gm.,  5  gm.,  2  gm.,  1  gm.,  1'  gm.,  V  gm.,  0.5  gm.,  0.2  gm., 
0.1  gm.,  0.1'  gm.,  0.05  gm.,  0.02  gm.,  0.01  gm.,  0.01'  gm.;  a  rider 
(weighing  either  10  or  12  mgms.  according  as  to  whether  the  bal- 
ance-arm is  divided  into  10  or  12  equal  parts  between  the  fulcrum 
and  the  point  of  suspension  of  the  right-hand  balance-pan) ;  and 
usually  smaller  weights  weighing  5,  2,  1,  1,  1  mgms. 

The  we'ghts  may  be   ested  in  the  following  manner:* 

The  assumption  is  first  made  that  the  sum  of  the  larger  weights 
is  equal  to  100  gms.  =  100,000  mgms.,  and  the  weights  of  the  single 
pieces  obtained  by  the  method  of  double  weighing  are  compared 
with  one  another,  e.g. : 

50  gm.  wt.  against  20+ 10+ 10'+  5+2+1+ 1'+ 1' 
and  it  is  found: 


I// 


I^ft  Right 

(1)  50gm.+0.31mgm.  =(20+10+10'+...) 

Left  Right 

(2)  (20+ 10+ 10'+ . .  . )  =  50  gm. + 0.61  mgm. 

from  which  it  follows: 

-rt         ,  0.31  mgm.+0.61  mgm.     _.  .  />  ^y» 

50  gm.+ ^-"2 ^—  =50  gm.+0.46  mgm. 

=  (20+10+10'+...) 
or 

50  gm.  =  (20+ 10+ 10'+ . . . )  -0.46  mgm. 


*  Kohlrausch,  Leitfaden  der  prakt.  Phys.,  V.  Auflage,  p.  34.    See  also  T. 
W.  Richards,  Joum.  Am.  Chem.  Soc.  (1900)  XXII,  144. 
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The  other  weights  are  compared  in  the  same  way,  obtaining,  for 
example, 

50  gm.  =  (20+ 10+ 10'+ . . .)  gni.+ A  mgm. 
20  "    =  10+10'  +B    " 

10'  "    =  10  +C    "     * 

(6+2+1+...)=  10  .     +D    " 

in  which  AjB,C,  and  D  may  be  either  positive  or  negative. 

The  sum  of  the  weights  (50+20+10+10'+. . .)  was  assumed 
to  equal  100,000  mgm.,  and  with  the  help  of  the  preceding  equa- 
tions each  weight  is  expressed  in  terms  of  the  10  gm.  weight;  then 
10XlO+A+2B+4C+2D=(50+20+10+. . .)  «  100,000  mgm. 
and  the  10  gm.  weight  itself: 

io=io,ooo-^i±M^i^±^. 

„        ,  ^  p    A+2B+4C+2D   .,  ,  .  . 

11  we  let  <S= -tq f  *^®^  ^®  obtam 

10- 10,000 -S 
10^=  10,000- 5 +C 
6+2+ 1+1'+1"=  10,010 -iS+D 

20=  20,000 -2iS  +  fi+C 
50-50,000-5iS+A+B+2C+D 
=  60,000 +iA. 

The  sum  iA+B+2C+D—5S  should  equal  0,  which  serves  as 
a  test  for  the  accuracy  of  the  observations. 

The  6  gm.  weight  is  now  compared  with  the  2+l+l'+l"  in 
exactly  the  same  way,  with  the  result  that 

5=2+l+l'+l"+o 

2=1+1'  +b 

l'  =  l  +c 

1"-1  +d. 


'^  It  is  well  to  mark  the  weights  of  the  same  denomination  so  that  they 
may  be  distinguished  from  one  another. 
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»s 


According  to  the  preceding  work 


consequently 


and 


5+2+l+r+l"«10,000-iS+D 


10Xl+a+26+4c+2d=10,000-S+i) 


1  =  1000- 


a-{'2b+4c+2d+S-D 
10 


If  we  let       «= tt;^ ,  we  obtain 


1 

V 

1" 

2 

5 


10 

1000-« 

1000-«+c 

1000-«+d 

2000-2«+6+c 

5000-5«+a+6+2c+A 


In  the  same  way  the  smaller  weights  are  tested  until  finally 
the  following  correction  table  is  obtained. 


TABLE  FOR  CORRECTION  OF  WEIOHTB. 


fiO 

20 

in 

- 50.000 +iii  mfm. 
-  20.000- 25 +B+C 

5+2+1+r+i"- 

10 
-10.000-5+D 

0.5+0.2+0.1+0.1' 

+i*- 
1 

0.1 

10'-10,000-i8+C 

-1000-5+a 

i-100-»'+« 

5   1 
2 

1 

V 

—  10.000-5+2) 

5-6000-5«+a+6+ 
+2e+d 

2-2000 -20+b+e 

1-1000-* 
1'  -1000-«+e 
l'-1000-»+d 

0.5  -600-6«'+^+ 
+  r+2*+« 

0.2  -a)0-2«'+r+* 

0.1  -100-»' 
0.1'-100-»+* 
i-100-«'  +  a 

0.05-60-5»"+l+ 

+m+2n+e 
0.02-*-20-2f"+m+i» 
0.01-10-»" 

o.or-io-»"+n 

Rider- 10-«"+« 

Sum  —  }00,000  mgm. 

10,000  -5+D 

1000-«+a 

100-«'+« 

•  i  -0.05+0.02+0.01  +0.01'  +Rid6r.     (Rider-O.Ol  gm.) 

The  milligram  weights  may  be  standardized  in  exactly  the  same 
manner.  It  is  much  more  convenient,  however,  and  the  accuracy 
attained  is  almost  exactly  the  same  if  instead  of  using  these  very 
small  weights  the  rider  is  himg  upon  the  whole  divisions  of  the 
balance-arm  in  order  to  obtain  the  weight  in  milligrams;  for  the 
estimation  of  the  fractions  of  the  milligram  it  is  better  to  calculate 
them  from  the  sensitiveness  of  the  balance.  .  .         , 
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The  weights  should  never  be  touched  unth  the  fingers,  hut  should 
aUvays  be  lifted  by  means  of  the  pincers  provided  with  each  set,  and 
nothing  should  he  placed  on  or  removed  from  the  balance-pans  with- 
out arresting  the  balance,  i.e.,  raising  the  mechanical  supports  so 
that  the  beam  no  longer  rests  upon  its  knife-edges. 

Filtration  and  Washing  of  Precipitates. 

How  large  should  the  filter  be  and  how  many  times  should  the 
precipitate  be  washed? 

With  regard  to  the  latter  question  it  is  evident  that  the  pre- 
cipitate should  be  washed  until  the  soluble  matter  i)3  completely 
removed.  It  is  clear,  however,  that  this  point  will  never  be  reached 
because  a  part  of  the  solution  always  remains  on  the  filter,  but  it 
is  not  difficult  to  make  the  amount  of  the  dissolved  substance 
remaining  so  small  as  to  be  negligible.  When  the  amount  of 
dissolved  substance  remaining  on  the  filter  is  so  small  that  it  could 
not  be  detected  by  our  balance,  we  consider  the  precipitate  to  be 
completely  washed. 

The  aim  should  be  not  only  to  remove  all  of  the  soluble  matter, 
but  to  accomplish  this  with  as  little  wash  water  as  possible. 

No  precipitate  is  absolutely  insoluble,  so  that  it  is  clear  that 
every  unnecessary  excess  of  wash  water  causes  harm  by  removing 
a  fraction  of  the  precipitate,  and  the  greater  the  excess  of  the  wash 
water  the  greater  the  amount  of  the  precipitate  dissolved. 

The  amount  of  wash  water  to  be  used  depends  largely  upon 
the  nature  of  the  precipitate  itself.  Amorphous,  gelatinous  pre- 
cipitates always  require  more  washing  than  crystalline,  granular 
ones.*  As  a  rule,  it  may  be  said  that  the  process  of  washing 
must  be  continued  until  the  substance  which  is  being  washed 
out  can  be  no  longer  detected  in  the  last  filtrate.  In  case  the 
filtrate  must  be  used  for  another  determination,  it  is  obvious  that 
the  filtrate  should  not  be  tested  too  soon.  When  should  the 
filtrate  be  tested? 

Let  us  assume  the  filter  to  hold  10  c.c,  the  solution  to  drain 


*  The  reason  why  some  precipitates  require  more  washing  than  others 
is  due  to  the  fact  that  the  degree  of  adsorption  varies.  (Cf .  Ostwald,  Die 
wisseDSchaftl.  Grundl.  der  anaiyt.  Chem.,  p.  19.) 
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to  the  last  drop  from  the  paper,  the  amount  of  the  solution  held 
back  by  the  precipitate  and  filter  to  be  1  c.c.  and  to  contain 
0.1  gm.  of  the  solid  substance  which  is  to  be  removed  by  wash- 
ing. 

The  filter  is  filled  to  the  upper  edge  with  wash  water  and 
allowed  to  drain  to  the  last  drop  n  times,  until  not  more  than 
5/100  mgm.  of  the  substance  to  be  removed  by  washing  remains. 

According  to  our  assumption.  9  c.c.  drain  off  and  1  c.c.  remains 
behind;  we  have  consequently: 

Removed  by  the  There  remains  after  the 

1st  washing,  0.1  -9/10  gm.  1st  washing  0.1-1/10  gm. 

2d        "         0.1-9/10.1/10  gm.  2d        "        O.M/10-1/10  gm. 

3d        "         0.1.9/10.(l/10)»gm.  3d        "        0.1.1/10-(1/10)»  gm. 


nth       "         0.1.9/10.(l/10)n-lgm.    nth       "        0.1.1/10.(l/10)n-l  gm. 

After  washing  n  times,  therefore,  the  amount  removed  by 
washing  is  the  sum  of  the  decreasing  geometric  series  of  which  the 
first  term  is  0.1 '9/10  and  the  constant  factor  is  1/10. 

In  case  n  =4,  the  sum  of  the  series  is 


»-^[(h)*-0 


I  = ~^-^ -  0.09999  gm. 

After  washing  the  precipitate  four  times,  therefore,  0.09999  gm. 
of  the  impurity  has  been  removed.  According  to  the  assumption 
that  there  was  originally  0.1  gm.  of  this  substance,  there  remains 
in  the  precipitate  only  0.00001  gm.,  or  in  other  words  a  negligible 
amount. 

Consequently,  the  filtrate  should  be  tested  qualitatively  for 
the  substance  to  be  removed  only  after  the  precipitate  has  been 
washed  four  times. 

Often  the  washing  will  be  found  to  have  been  complete  after  the 
fourth  washing,  but  as  a  rule  this  will  not  be  the  case,  and  in  many 
cases  it  will  be  found  necessary  to  repeat  the  operation  for  from 
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twenty  to  thirty  times.  In  the  processes  which  are  described 
the  amount  of  washing  necessary  will  be  stated  in  each  individual 
case. 

Now  with  regard  to  the  second  point,  how  should  a  precipitate 
be  washed  with  the  least  possible  amount  of  wash  water?  Accord- 
ing to  the  above  consideration  it  is  necessary  to  wash  every  pre- 
cipitate at  least  four  times,  in  which  case  the  filter  should  be  en- 
tirely filled  each  time,  and  it  is  evident  that  the  size  of  the  filter- 
paper  will  influence  the  amount  of  wash  water  used. 

The  filter,  therefore,  should  be  made  as  small  as  possible, 
irrespective  as  to  whether  there  is  little  or  much  liquid  to  filter. 
The  size  of  the  filter  used  should  he  regulated  entirely  by  the  amount 
of  the  precipitate  and  not  at  all  by  the  amount  of  the  liquid  to  be  fH- 
tered.  The  mistake  should  not  be  made,  however,  of  using  too 
small  a  filter.  The  precipitate  should  never  reach  the  upper 
edge  of  the  paper;  about  5  mm.  should  remain  free,  and  even  in 
this  case  the  filter  should  not  be  so  completely  filled  as  in  Fig.  4,  a. 


Fig.  4. 

It  is  better  to  have  the  filter  filled  about  as  much  as  is  shown  in 
Fig.  4,  6,  in  order  that  sufficient  room  is  left  for  the  wash  water. 

The  use  of  too  large  filters  is  one  of  the  inexcusable  ana- 
lytical errors. 
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The  Drying  and  Burning  of  Precipitates. 

Before  a  precipitate  can  be  weighed  it  must  be  absolutely  dry. 
Those  precipitates  which  do  not  undergo  a  change  of  weight  on 
ignition  are  treated  as  follows: 

(a)   THE  PRECIPITATE  IS  IGNITED  DRY. 

This  method,  in  which  the  precipitate  is  separated  from  the 
filter,  the  filter  burnt  by  itself,  the  ash  added  to  the  main  part 
of  the  precipitate  and  the  mixture  then  ignited  to  constant 
weight,  is  used  in  those  cases  when  the  ignited  substance  will  be 
reduced  by  the  burning  paper,  e.g.,  in  the  case  of  precipitates  of 
silver  chloride,  lead  sulphate,  bismuth  oxide,  etc. 

In  order  to  perform  this  operation  it  is  first  necessary  that  the 
filter  and  precipitate  should  be  completely  dried  at  100°  C.  For 
this  purpose  the  funnel  containing  the  filter  is  carefully  covered 
with  a  piece  of  filter-paper,*  placed  in  a  drying-closet  (preferably 
one  that  is  heated  by  steam)  and  dried  at  100®  C.  When  per- 
fectly dry,  a  weighed  crucible  is  placed  upon  a  piece  of  glazed 
paper  of  about  20  sq.  cm.  (Fig.  6,  left)  and  the  dry  precipitate  is 
carefully  shaken  into  the  crucible  removing  it  from  the  paper  as 
completely  as  possible  by  gentle  rubbing  with  a  platinum  spatula. 
Any  small  particles  of  the  precipitate  which  may  have  fallen 
upon  the  glazed  paper  are  brushed  into  the  crucible  with  the 
aid  of  a  feather  (Fig.  6).  Small  particles  of  the  precipitate  will 
still  always  adhere  to  the  paper  and  these  must  be  weighed. 
In  order  to  accomplish  this,  the  filter  is  burnt  and  the  ash  obtained 
is  either  weighed  by  itself  or  mixed  with  the  main  part  of  the  pre- 
cipitate and  weighed  with  it.f 

♦  Wet  a  common  cut  filter,  stretch  it  over  the  ground  top  of  the  funnel, 
and  then  gently  tear  off  the  superfluous  paper.  The  cover  thus  formed 
continues  to  adhere  after  drying     Fresenius,  Quant  Chem.  Analysis. 

t  By  using  filter-paper  which  ha«  been  carefully  washed  with  hydro- 
chloric and  hydrofluoric  acids,  it  is  permissible  to  neglect  the  weight  of 
the  ash  from  the  filter  itself.  With  an  unknown  paper  it  is  necessary  to 
determine  the  weight  of  the  ash  by  a  separate  experiment  and  then  correct 
the  weight  of  the  precipitate  obtained. 
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The  combustion  of  the  filter,  to  which  small  particles  of  the 
precipitate  still  adhere,  is  best  accomplished  by  the  method  pro- 
posed by  Bunsen  as  follows:  The  filter  is  folded  together  so  that 
the  precipitate  occupies  the  position  indicated  in  the  shaded  part 
of  Fig.  5,  a,  and  then  it  is  further  folded  as  indicated  by  ^  and  ;-  of 
Fig.  5  to  a  narrow  strip.     The  paper  is  then  rolled  between  the 

a  b    a.  ha. 


Fia    5. 


fingers  as  indicated  by  8,  beginning  at  &,  so  that  the  portion  of 
the  filter  which  is  free  from  the  precipitate  is  on  the  outside.  The 
roll  is  now  enveloped  with  a  previously  ignited  heavy  platinum 
wire,  the  wire  is  supported  (as  indicated  in  Fig.  6)  by  means  of  a 


Fio    6. 

oork  in  the  opening  of  a  porcelain  plate  and  the  filter  is  ignited  by 
means  of  the  gas-flame.  The  flame  is  at  once  taken  away  and 
the  paper  allowed  to  bum  quietly.  If  carbonized  particles  still 
mnain,  the  gas-flame  is  applied  repeatedly  until  it  is  no  longer 
pospil>le  to  make  the  particles  glow  any  more,  (Too  strong  ignition 
should  be  avoided.)    The  ash  is  then  added  to  the  contents  of  the 
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crucible  by  gentle  shaking  and  the  final  use  of  the  feather.  The 
cover  is  placed  on  the  crucible,  and  it  is  heated  at  first  with  a  small 
flame,  the  temperature  being 
gradually  increased  until  the 
prescribed  temperature  of 
ignition  for  the  given  precip- 
itate is  reached.  The  flame 
is  finally  removed,  the  cruci- 
ble allowed  to  cool  some- 
what, and  while  still  warm, 
but  nol  glowing,  is  placed 
in  a  desiccator  (Fig.  7). 

After    cooling   (at   least 
three  quartere  of  an  hour  for  '^'*''  ' 

porcelain  crucibles  and  20  minutes  for  platinum  ones)  the  crucible 
and  its  contents  are  weighed. 

Many  precipitates  (.silver  chloride,  Jcatl  sulphate,  etc.)  are  some- 
what reduced  to  metal  by  the  above  treatment.  As,  however, 
these  metals  are  difficultly  volatile,  there  will  be  no  loss  of  the 
metal,  only  of  the  anion  (chlorine  in  the  case  of  silver  chloride 
and  80,  in  the  case  of  lead  sulphate).  This  loss  may  be  readily 
replaced.  The  metal  in  the  crucible  is  moLsteneil  with  a  few  drops 
of  nitric  acid  to  dissolve  it,  a  few  drops  of  hy<lrochloric  acid  (in 
the  case  of  a  silver  chloride  precipitate),  or  of  sulphuric  acid  (in 
the  case  of  lead  sulphate)  are  added,  and  after  evaporating  off  the 
excess  of  the  acid  the  crucible  is  weighed.  The  only  danger  in  this 
method  is  that  in  burning  the  filter  the  ash  is  heated  too  hot,  so 
thai  some  of  the  reduced  metal  melts  and  alloys  with  the  platinum 
wire.  If,  however,  the  filter-paper  is  rolled  up  as  waa  directed, 
there  is  always  some  paper  free  from  precipitate  between  the  precipi- 
tate and  the  platinum  wire,  yielding  an  ash  which,  although  its 
weight  is  inappreciable,  is  still  sufficient  to  protect  the  wire  and 
prevent  the  reduced  metal  from  coming  in  contact  with  it,  provided 
it  is  not  heatefi  strongly  enough  to  melt  the  metal. 

Many  precipitates  (.\Ig(NH,)AsO,,  K,PtCl„  etc.)  are  changed 
so  much  by  this  treatment  that  it  would  be  impossible  to  obtain 
correct  results.  In  such  cases  the  filter  cannot  be  bunit,  but 
it  is  previously   dried   at  a  definite  temperature  and  weighed; 
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afterwards  the  precipitate  and  filter  are  again  dried  at  the  same 
temperature  and  weighed  again. 

In  order  to  dry  the  filter  it  is  placed  in  a  drying-closet  *  (Fig.  8a) 
upon  a  watch-glass  and  near  an  open  weighing  beaker,  the  tem- 
perature is  brought  to  the  desired  point  and  kept  at  this  tempera- 
ture with  the  help  of  the  thermo-regulator  T  for  ^  to  1  hour.  By 
means  of  tongs  the  filter  is  quickly  placed  in  the  weighing  beaker, 
and  the  latter  in  a  desiccator  filled  with  calcium  chloride  (Fig.  7), 
where  it  is  kept  for  exactly  1  hour.  It  is  then  covered,  removed 
from  the  desiccator,  allowed  to  stand  in  the  air  near  the  balance  for 
20  minutes  and  then  weighed.  The  heating  and  weighing  is  re- 
peated once  more  in  exactly  the  same  way  until  two  consecutive 
weighings  do  not  differ  by  more  than  0.0002-3  gm. 

The  precipitate  is  now  collected  upon  the  filter  and  after  drying 
the  filter  in  the  funnel  at  100°  C.  the  filter  and  its  contents  are 
removed  from  the  funnel  and  dried  in  exactly  the  same  way  as 
before. 

The  same  result  is  much  more  simply  and  accurately  accom- 
plished by  the  use  of  the  Gooch  Cruoible. 

This  consists  (as  is  shown  in  Fig.  9)  of  a  crucible  with  a  per- 
forated bottom.  The  crucible  is  provided  with  an  asbestos  filter, 
weighed  after  drying  at  the  prescribed  temperature,  then  the  pre- 
cipitate is  filtered  off  into  the  crucible,  dried,  and  weighed.      The 

*  The  drying-closet  shown  in  Fig.  Sa  is  fitted  with  six  removable  porce- 
lain plates  which  prevent  any  oxide  falling  from  the  metallic  closet  walls 
upon  the  substance  to  be  dried,  rendering  it  impure.  The  upper  plate  has 
two  holes  bored  in  it  through  which  thermometer  and  thermo-regulator  are 
placed.  This  upper  plate  is  fastened  to  the  top  of  the  closet  as  follows: 
A  glass  rod  provided  with  a  broad  rim  rr  and  bulging  out  at  aa  is  pushed  up 
through  the  opening  P  of  the  porcelain  plate  (Fig.  86)  and  K  of  the  upper 
closet  wall,  and  tliis  is  fastened  by  placing  an  asbestos  ring  A  between  <ia 
and  K. 

The  bottom  plate  rests  upon  a  heavy  iron  wire  so  that  it  does  not 
come  directly  in  contact  with  the  bottom  of  the  closet. 

As  the  plates  can  be  easily  taken  out,  it  is  possible  to  clean  them  without 
difficulty.  The  only  part  of  the  apparatus  that  wears  out  is  the  bottom, 
so  that  it  is  best  to  have  the  closet  so  that  it  may  be  renewed  from  time 
to  time  without  taking  the  apparatus  to  pieces. 

The  above  drying-closet  was  designed  by  Prof.  Treadwell  and  can  be 
obtained  from  Bender  and  Hobein,  of  Zurich. 
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use  of  these  crucibles  permits  such  accurate  and  rapid  work  that 
it  is  worth  while  to  describe  the  method  of  using  them  more  in 
detail. 

Preparation  of  Asbestos  Filters. 
From  a  long-fibred  sample  of  asbestos  the  softer  fibres  are  chosen, 
cut  into  pieces  4  cm.  long,  and  boiled  with  concentrated  hydro- 
chloric acid  for  some  time.    A  good  sample  of  asbestos  nill  then 
be  separated  into  very  small  fibres.     The  mass  is  collected  in  a 
funnel  with  a  platinum  cone,  or  upon  a  filter-plate,  and  washed 
with  water.     After  drying,  the  asbestos  may  be  ignited,  but  for 
most  purposes  this  is  not  only  unnecessary  but  disadvantageous. 
For  the  preparation  of  a  Gooch  filter,  a  small  flock  of  the 
material   is   shaken  with  water   in    a 
flask,     so    that   a   thin    emulsion    ia 
formed.     A  piece  of  thin  mbber  tubing 
(Fig.    10)   is  stretched  over  a  funnel 
and  the  crucible  T  ia  placeil  in   the 
opening.     The  funnel  should  be  large 
enough     so     that     the     crucible     is 
suspended    by    the    rubber    without 
touching    the    sides    of    the    funnel. 
Enough   of   the    emulsion    is    poured 
through    the    crucible    to    pnxluce    a 
layer  of  1  to  2  mm.  thickness,  a  small 
filtei^plate  (Fig.  9,  P)  is  placed  upon 
this  layer  and  some  more  of  the  emul- 
sion    is     poured     into     the     crucible. 
Water  must  now  be  passed   through 
the  crucible  until  no   asbe^itos   fibres 
run   through,   and    in    order    to    see 
them  the  liquid  is  poured  into  a  small 
beaker.     Usually  such  a  filter  is  pre- 
pareil  and  used  with  a  gentle  suction,* 
but    in   many    cases    it  filters    more 
rapidly  than  paper  without  it. 

The  crucible  is  now  dried  at  the 

proper    temperature    and    afterwards 

vild  not  be  employed  during  the  filtratiou,  for 
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weighed.  The  drying  and  weighing  is  repeated  until  a  constant 
weight  is  obtained,  when  about  half  a  liter  of  water  is  once  more 
passed  through  the  crucible  (in  order  to  be  sure  that  no  asbestos 
fibres  run  through)  and  the  crucible  is  again  dried  and  weighed, 
after  which,  if  the  weight  is  constant,  the  crucible  is  ready  for  the 
filtration. 

The  same  crucible  can  be  used  for  a  large  number  of  determina- 
tions. When  the  amount  of  the  precipitate  in  the  crucible  be- 
comes too  large,  the  upper  part  can  be  carefully  removed  and  the 
crucible  again  used. 

If  it  is  desired  to  ignite  a  precipitate  contained  in  a  Gooch 
crucible,  it  is  placed  (as  shown  in  Fig.  11)  within  a  larger  porce- 
lain crucible  and  heated  at  first 
gently  and  finally  more  strongly, 
and  when  necessary  it  can  even 
be  heated  over  the  blast- lamp. 

For  many  purposes  it  is  prefer- 
able to  use  instead  of  the  Gooch 
crucible  a  glass  tube  with  an 
asbestos  filter.  This  is  particu- 
larlv  desirable  when  it  is  neces- 
sary  to  heat  the  precipitate  in  a 
gas-stream. 

(b)    THE   PRECIPITATE  IS   IGNITED   WET. 

Those  precipitates  which  do  not  suffer  any  permanent  change 
by  the  action  of  the  products  of  combustion  of  the  filter  may  be 
ignited  wet.  The  precipitate  is  allowed  to  drain  as  much  as  possible 
and  while  still  moist  the  filter  and  precipitate  are  placed  in  a 
platinum  crucible,  the  paper  being  pressed  down  against  the  sides 
of  the  crucible.  The  crucible  is  placed  in  an  inclined  position 
upon  a  triangle  (Fig.  12*),  while  the  cover  is  inclined  against  the 

in  that  case  the  precipitate  or  even  the  asbestos  itself  will  be  so  compressed 
that  the  filtration  will  be  prolonged  and  the  washing  made  more  difficult. 
By  having  the  crucible  suspended  free  by  the  rubber,  the  possibility  of  em- 
plo3ring  too  much  suction  is  avoided,  for,  as  soon  as  this  has  reached  a  cer- 
tain tension  the  air  is  forced  between  the  rubber  and  the  sides  of  the  crucible, 
so  that  we  have  the  effect  of  a  safety-valve  to  a  certain  extent. 

*  As  the  figure  shows,  the  crucible  should  not  rest  upon  the  iron  triangle. 
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In  order  to  prevent  this,  the  author  has  made  use  of  the  fol- 
lowing contrivance  which  has  worked  very  satisfactorily  for  some 
years.  The  hood  is  provided  with  a  glass  roof,  aa.  Fig,  14,  and  about 
15  cm.  below  there  is  a  second  glass  plate  66  which  does  not  quite 
touch  the  inner  wall  of  the  hood  but  is  about  3  cm.  away  from  it 
throughout  its  whole  length.  Between  the  two  plates  there  pro- 
jects a  clay  pipe  R,  about  15  cm.  in  diameter,  and  about  5  cm. 
above  the  inner  edge  of  the  lower  glass  plate  and  leads  directly 
into  the  chimney  K,  in  which  there  is  a  small  gas-flame  (not  shoivn 
in  the  illustration).  Any  dust,  sand,  etc.,  from  the  chimney  falls 
upon  the  plate  hb;  none  can  get  into  the  hood. 

In  the  evaporation  of  liquids  on  the  wat«r-bath  in  weighed 
platinum  crucibles  or  dishes,  the  platinum  should  not  come  in 
contact  with  copper  or  glass  rings.  As  a  nile,  porcelain  rings  should 
be  used.  In  case  the  crucible  is  smaller  than  the  ring,  use  is  made 
of  a  truncated  platinum  cone  turned  back  at  the  base  (Fig.  15J. 


This  is  suspended  in  the  ring  and  the  crucible  placed  within  the 
cone  (Fig.  15a).  For  this  purpose  the  author  makes  use  of  a 
thick  brass  cone  the  inner  surface  of  which  is  covered  with  tliin 
platinum  foil. 

During  the  evaporation  many  substances  have  the  property 
of  "creeping"  over  the  edge  of  the  crucible  or  dish,  often  causing 
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a  slight  loss  of  the  substance;  furthermore  there  is  often  "bump- 
ing," so  that  in  some  cases  the  entire  contents  are  thron'n  out  of 
the  crucible  (cf.  the  determination  of  boric  acid  according  to  the 
method  of  Gooch).  Both  of  these  phenomena  can  be  readily 
prevented  as  follows: 

The  crucible,  at  the  most  not  more  than  two-thirds  filled  with 
liquid,  is  placed  in  the  cylindrical  tin  or  brass  spiral  kk  (Fig.  16). 


Fio.  16. 

The  first  two  windings  of  the  metallic  spiral  come  into  close  con- 
tact with  the  sides  of  the  crucible  above  the  liquid,  while  the  remain- 
ing vindinga  should  vot  touch  the  crucible.  When  the  steam  is 
passed  through  the  spiral  the  , 
upper    part   of    the   crucible    is 

warmed  first,  so  that  there  is 

spattering,   and  furthermore  by  ^^^^^^^^^^^^^^■'     & 
keeping  the  upper  edge  hot  during  Yia.  17. 

the  whole  of  the  evaporation  all  a-asbeatoaring. 

"creeping"  of  the  sutetance  is  ft-oabesiospUw. 

avoided.     In  this  way  it  is  possible  to  rapidly  evaporate  off  alcohol 
without  boiling  the  liquid. 

In  ease  it  is  desired  to  evaporate  high-boiling  liquids,  such  as 
sulphuric  acid,  amyl  alcoh()l,  etc.,  the  crucible  is  either  heated 
cautiously  over  the  free  flame  (continually  moving  it  back  and 
forth)  or  else  it  is  placed  in  an  air-bath,  which  can  be  prepared  in 
some  such  way  as  is  represented  by  Fig.  17. 
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Drying  Substances  in  Currents  of  Gases. 

Substances  may  be  dried  at  a  high  temperature  in  a  current  of 
air  or  of  carbonic  acid  in  a  number  of  different  ways.  An  oil-bath 
provided  with  a  number  of  copper  tubes  (Fig.  18)  may.  be  used. 
The  substance  contained  in  a  small  "boat"  b  placed  in  a  glass 
tube  and  the  latter  in  one  of  the  copper  tubes.  The  gas  is  now 
passed  through  one  or  more  of  the  empty  tubes  (so  as  to  warm  it), 
and  then  through  the  tube  containing  the  substance. 


Fio.  18. 
Aotube  with  thermometer  for  measuring  the  temperature  of  the  gfks-etieun. 

In  order  to  heat  a  crucible  in  a  current  of  carbon  dioxide, 
use  can  be  made  of  Paul's  drying  oven  (Fig.  1!)).  The  crucible 
is  placed  in  the  glass  pipe  R  and  the  pipe  and  copper  cylinder  K 
are  covered  with  watch-glassea.  Dry  carbon  doxide  is  conducted 
through  the  stem  of  the  pipe,  and  the  oven  can  be  heated  to  any 
desired  temperature. 

In  case  it  is  desired  to  evaporate  off  a  liquid  in  a  flask  and  to 
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ignite  the  residue  at  a  g^ven  temperature  it  is  necessary  to  proceed 
somewhat  as  follows: 


The  solution  is  placed  in  the  open  Erlenmeyer  flask  K  and 
evaporated  as  far  as  possible  over  the  free  flame.     The  flask  is 
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then  placed  in  a  metal  beaker  suspended  in  an  oil-bath  and  dry  air 
is  sucked  through  the  spiral  copper  tube  kk  as  shown  in  the  illustra- 
tion.    Fig,  206  shows  the  single  parts  of  the  apparatus. 

Preparation  of  the  Substance  for  Analysis. 

It  is  very  difficult  to  give  general  rules  for  the  preparation  of 
substances  for  analysis,  for  it  is  necessary  to  proceed  differently 
in  different  cases.  For  a  scientific  analysis  (i.e.,  one  in  which  it 
is  desired  to  determine  the  atomic  composition  of  a  substance) 
it  is  necessary  to  choose  pure  material  for  the  analysis.  Although 
this  sounds  so  simple  it  is  often  one  of  the  most  difficult  conditions 
to  fulfil.  Many  substances  are  hygroscopic  and  absorb  moisture 
from  the  air,  which  can  be  removed  by  heating  the  substance  or 
by  simply  allowing  it  to  stand  in  a  desiccator  over  calcium  chlo- 
ride, provided  the  substance  itself  undergoes  no  change  by  this 
treatment.  Many  substances  containing  water  of  crystallization 
cannot  even  be  dried  in  a  "desiccator,  but  must  be  analyzed  air-dry. 
In  all  cases  it  is  necessary  to  determine  whether  the  substance  to 
be  analyzed  possesses  a  constant  weight. 

For  technical  analyses,  the  purpose  being  to  determine  the  cost 
or  selling  price  of  an  article  or  to  control  its  manufacture,  the  sub- 
stance must  be  analyzed  as  it  is.  In  such  a  case  the  sample  should 
represent  as  far  as  possible  the  average  composition  of  the  product. 
For  our  w^ork  we  are  concerned  chiefly  with  scientific  analyses 
and  the  first  substances  to  be  analyzed  are  easily  crystallized 
from  water. 

Many  commercial  salts  are  prepared  extremely  pure  and  could 
be  analyzed  directly;  in  most  cases,  however,  we  obtain  them  after 
they  have  stood  for  some  time  in  the  air  and  after  they  have  been 
handled  somewhat,  so  that  they  are  not  so  pure  as  when  freshly 
prepared.  Consequently  in  case  it  is  desired  to  test  the  accuracy 
of  an  analytical  process,  the  purity  of  a  commercial  sample  should 
never  be  taken  for  granted.    The  substance  should  be  purified  by 

Recrystallization. 

Ten  or  fifteen  grams  of  the  commercial  salt  are  dissolved  in 
the  least  ix)&sible  amount  of  hot  water  (it  is  best  to  use  not  quite 
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enough  water  to  completely  dissolve  the  substance)  and  the  hot 
solution  is  rapidly  poured  through  a  folded  filter  contained  in  a 
funnel  the  stem  of  which  has  been  broken  off  (Fig.  21).  This 
serves  to  remove  all  dust  or  other  insoluble  impurity.  The  filtrate 
is  received  with  constant  stirring  in  an  evaporating-dish  and  is 
rapidly  cooled  by  placing  the  dish  in  a  larger  one  containing  cold 
water. 


Fig.  21. 

By  means  of  the  rapid  cooUng  and  constant  stirring,  the 
salt  is  obtained  in  the  form  of  a  crystalline  powder,*  which  is 
filtered  off  by  pouring  through  a  funnel  provided  with  a  perforated 
platinum  cone.  The  mother-liquor  is  removed  as  much  as  possible 
by  means  of  suction.  The  purity  of  the  substance  is  then  tested 
qualitatively  by  means  of  some  suitable  reaction.  In  case  it  is 
still  not  quite  pure,  the  same  process  of  rocrystallization  must  be 
repeated  until  the  presence  of  no  impurity  can  be  detected. 

The  pure  but  still  moist  substance  is  placed  upon  a  layer  of 
several  thicjcnesses  of  clean  filter-paper,  covered  with  another  sheet 
of  the  same  and  allowed  to  stand  for  twelve  hours  at  the  ordinary 
temperature.  One  or  two  grams  of  the  substance  are  then  weighed 
upon  a  tared  watch-glass,  placed  upon  a  dry  glass  plate,  covered 
with  another  watch-glass  and  allowed  to  stand  for  several  hours 
more.     If  the  substance  shows  no  change  in  weight  it  is  ready  for 


*  Large  crystals  would  be  obtained  by  allowing  the  solution  to  cool 
slowly,  but  they  are  not  desirable,  as  they  usually  contain  more  enclosed 
mother-liquor  than  do  the  smaller  crystals. 
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analysis.  Otherwise  it  must  be  dried  in  the  air  until  it  no  longer 
shows  a  change  in  weight.  It  is  not  permissible  to  dry  the  sub- 
stance in  a  desiccator  except  in  those  cases  in  which  the  substance 
will  not  lose  water  of  crystallization.  Deliquescent  substances, 
of  course  should  not  be  allowed  to  remain  exposed  to  the  air  for 
very  long.  Such  substances  must  be  quickly  dried  upon  a  porous, 
plate  and  transferred  as  soon  as  possible  to  a  flask  provided  with  a 
closely  fitting  ground-glass  stopper.  Further  rules  for  the  prepara- 
tion of  the  substance  for  analysis  will  be  given  imder  the  special 
cases. 


PART   L 

GRAVIMETRIC  ANALYSia 


METALS  OF  GROITP  V. 
POTASSIUM,  SODIUM,  LITHIUM,  AMMONIUM,  AND  MAGNESIUM. 

POTASSIUM,  K.     At.  Wt.  39.15. 

Fonns:*  KCl,  K2SO4,  KaPtCl,,  and  KCIO4. 

I.  The  Determination  as  Chloride. 

Tras  compound  is  chosen  for  the  determination  of  potassium 
when  it  is  already  present  as  such  or  in  case  the  salt  to  be  analyzed 
may  be  changed  to  the  chloride  by  evaporation  with  hydrochloric 
acid.  If  the  potassium  is  present  in  the  form  of  its  sulphate  it 
may  be  transformed  to  the  chloride  by  precipitation  with  bariimi 
chloride  (see  silicate  analysis) ;  if  it  is  present  as  the  phosphate, 
the  phosphoric  acid  may  be  precipitated  as  basic  ferric  phosphate 
(see  Vol.  I,  p.  328) ;  or,  finally,  if  it  is  present  as  chromate  the  Cr04 
ions  may  be  reduced  to  chromic  ions  by  evaporation  with  hydro- 
chloric acid  and  alcohol  and  then  precipitated  by  ammonia  and 
filtered  oflf. 

In  almost  all  of  these  cases  it  is  a  question  of  separating  the 
potassium  chloride  from  the  aqueous  solution  and  in  most  cases 
of  separating  it  from  the  ammonium  chloride  likewise  present. 

First  of  all  the  solution  is  evaporated  to  dryness  on  the  water- 
bath  in  a  platinum  dish  (or  if  necessary  a  thin  porcela  n  dish  may 

♦Under  this  heading  will  be  given  in  every  case  the  formulsB  of  the 
compounds  suitable  for  the  determination  of  the  element  in  question. 
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be  substituted),  taking  the  precaution  of  stirring  the  liquid  fre- 
quently with  a  heavy  platinum  wire,  as   soon  as  the  salt  begins 
to   separate   out,  in  order   to   hasten  the  evaporation    of   the 
enclosed   water.      In  spite  of    long-continued  heating   and  con- 
tinual stirring,  however,  it  is  not  possible  to  completely  expel  all 
of  the  water  enclosed  within  the  crystals ;  this  is  effected  by  cover- 
ing the  dish  with  a  watch-glass  and  drying  in  the  hot  closet  for 
an  hour  or  two  at  130°-150°  C.      The  covered  dish  is  then  placed 
upon    a  platinum   triangle    and    cautiously   heated  over   a   free 
flame,  holding  the  burner  in  the  hand  and  imparting  to  it  a  fanning 
motion.     The  dish  is  kept  covered  as  long  as  a  decrepitating  sound 
can  be  heard.     The  cover  is  then  taken  off,  any  ammonium  chloride 
on  it  is  removed  by  careful  heating,  and  it  is  then  placed  upon 
another  clean  watch-glass.     The  dish  is  then  heated  again  over  the 
constantly  moving  flame  until  the  vapors  of  ammonium  chloride 
cease  to  be  given  off,  care  being  taken  not  to  heat  the  potassium 
chloride  too  strongly  on  account  of  its  volatility.     Any  potassium 
chloride  remaining  on  the  cover  is  then  washed  into  the  dish  by 
means  of  a  little  water,  the  salt  in  the  dish  is  brought  into  solution 
by  rotating  this  water  in  the  dish  and  the  almost  ever-present 
carbon  particles  (from  the  carbonization  of  pyridine  bases  usually 
present  to  a  slight  extent  in  the  ammonia  and  ammonium  chloride) 
are  filtered  off  through  a  small  filter  into  a  weighed  platinum  cruci- 
ble.    A  few  drops  of  HCl  are  added,  the  contents  of  the  crucible 
evaporated  to  dryness  on  the  water-bath,  again  covered  and  allowed 
to  remain  in  the  drying-closet  for  one  to  two  hours  at  130^-150°  C. 
and  once  more  heated  over  the  free  flame  until  all  decrepitation 
has  ceased,  when  the  crucible  is  allowed  to  cool  in  a  desiccator  and  is 
weighed.     After  this  the  crucible  is  again  heated  for  a  few  moments 
over  the  free  flame  so  that  the  bottom  of  the  crucible  becomes  a 
dark  red  (the  cover  of  the  crucible  must  not  be  lifted  during  this 
operation) ;  it  is  allowed  to  cool,  and  is  again  weighed.     The  proc- 
ess is  repeated  until  a  constant  weight  is  obtained. 

In  the  case  of  every  analytical  operation  the  heating  and  weigh- 
ing must  always  be  repeated  until  two  consecutive  weights  are 
the  same.  Therefore,  whenever  the  terms  *' heated'*  (or  " ignited ") 
and  "weighed"  are  used  in  this  book,  it  is  to  be  always  understood 
that  a  constant  weight  is  to  be  obtained. 
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This  method  is  capable  of  yielding  exact  results. 

Example:  Determination  of  Potassium  in  Potassium  Bichromate. 
— Commercial  potassium  bichromate  usually  contains  potassium 
sulphate  as  impurity.  The  salt  is  therefore  purified,  as  described 
on  p.  32,  by  recrystallizing  three  times  from  water,  placing  the 
moist  crystals  in  an  evaporating-dish,  heating  on  the  water- 
bath  with  constant  stirring  and  finally  drying  to  constant  weight 
in  an  oil-bath  at  130°  C.  (cf.  p.  31)  in  a  current  of  dry  air. 

The  dry  substance  is  then  weighed  upon  a  tared  watch-glass, 
placed  in  a  300-c.c  porcelain  evaporating-dish,  treated  with  10  c.c. 
of  concentrated  HCl  and  5  c.c.  of  alcohol,  covered  with  a  watch- 
glass  and  warmed  upon  the  water-bath  until  the  solution  becomes 
a  pure  emerald-green.  Any  solution  which  may  have  spattered  up 
on  the  cover-glass  is  washed  into  the  dish  by  means  of  a  stream 
of  water  from  the  wash-bottle  and  the  solution  is  then  evaporated 
to  dr3mess.  About  2  c.c.  of  concentrated  HCl  and  200  c.c.  of  water 
are  now  added,  the  liquid  is  heated  to  boiling  and  precipitated 
with  the  least  possible  excess  of  ammonia,  filtered  and  washed 
with  hot  water  until  1  c.c.  of  the  filtrate  evaporated  upon  the  cover 
of  a  platinum  crucible  leaves  no  residue.  If,  however,  on  making 
this  test  a  residue  remains,  it  must  be  redissolved  in  water  and 
added  to  the  rest  of  the  filtrate.  After  the  washing  is  found  to 
be  complete,  the  filtrate  is  evaporated  to  dryness  as  previously 
described,*  the  anmionium  chloride  expelled,  and  the  residue  of 
potassium  chloride  is  weighed. 

K  a  is  the  amount  of  potassium  bichromate  taken,  and  p  the 
weight  of  potassium  chloride  obtained,  the  amount  of  potassium 
present  in  the  potassium  bichromate  may  be  calculated  as  follows: 

KC1:K       =p:s 
74.6:39.15  =  p:s 

39  15 

g=     '      p= weight  of  potassium  in  a  gm.  of  bichromate  and  in 

percentage 

100-39.15  p  ^  ^ 

x=-^5^^.-=  percent.  K. 

♦  Frequently  a  little  Cr(0H)5  separates  out  during  the  evaporation;  it 
must  be  filtered  off  and  washed  free  from  the  solution. 
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It  is  customary  to  carry  out  the  analysis  in  duplicate  and  to  be 
satisfied  only  when  two  closely  agreeing  results  are  obtained,  of 
which  the  mean  is  taken  as  the  true  value.  According  to  the  above 
method  results  are  obtained  which  are  slightly  lower  than  the  theo- 
retical value,  but  this  should  not  amount  to  more  than  0.15  per 
cent,  and  the  two  "check"  determinations  should  not  differ  by 
more  than  0.1  per  cent,  from  one  another. 

2.  Determination  of  Potassium  as  Potassium  Sulphate. 

This  method  is  chosen  when  the  potassium  is  already  present 
in  solution  as  the  sulphate,  or  when  it  is  in  such  a  form  that  it  can 
be  readily  changed  to  sulphate  by  evaporation  with  sulphuric 
acid;  it  is  most  frequently  used  for  determining  the  amount  of 
potassium  in  combination  with  organic  acids. 

Since  the  sulphate  of  potassimn  is  much  less  volatile  than  the 
chloride,  it  is  ad  visible  to  choose  this  method  in  case  no  other  metal 
is  present.  On  the  other  hand,  when  it  is  necessary  to  separate 
potassium  from  sodium,  it  is  preferable  to  have  the  potassium  in 
the  form  of  the  chloride. 

Example:  Determination  of  Potassium  in  Potassium  Bichromate. 
— About  0.5  gra.  of  the  purified  and  dried  salt  is  weighed,  as  described 
under  1,  into  a  300-c.c.  porcelain  evaporating-dish,  treated  with  20 
c.c.  of  a  freshly  prepared,  saturated,  aqueous  solution  of  sulphur 
dioxide*  and  5  c.c.  of  double-normal  sulphuric  acid.  The  dish  is 
covered  with  a  watch-glass  and  warmed  on  the  water-bath  until 
there  is  no  further  evolution  of  gas  perceptible,  when  the  cover-glass 
is  rinsed  off,  removed  and  the  solution  evaporated  almost  to  dryness. 
About  200  c.c.  of  water  are  now  added  and  the  chromium  is  precipi- 
tated from  the  boiling  solution  by  means  of  the  slightest  possible 
excess  of  ammonia.    The  precipitate  is  filtered  off  and  washed 

♦The  solution  of  sulphur  dioxide  may  be  prepared  as  follows:  Into  a 
30Q-C.C.  Erlenmeyer  flask  about  150  c.c.  of  a  saturated  sodium  bisulphite 
solution  are  placed,  and  concentrated  sulphuric  acid  is  slowly  added  from 
a  drop-funnel,  causing  a  lively  evolution  of  SO,  gas.  This  gas  is  passed  first 
into  a  small  wash-bottle  containing  water  and  then  into  another  flask  of 
distilled  water,  which  is  kept  cool  by  placing  it  in  a  larger  vessel  filled  with 
cold  water.  When  the  evolution  of  the  SO,  begins  to  slacken,  it  can  be 
accelerated  by  gentle  warming. 
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until  it  can  be  shown  by  the  test  applied  under  1  that  it  is  com- 
pletely free  from  the  solution.  The  filtrate,  containing  both  potas- 
sium and  ammonium  salts,  is  evaporated  in  a  platinum  dish  to  dry- 
ness, the  anmioniimi  sulphate  is  destroyed  by  gentle  ignition  (the 
salt  melts  and  gases  are  evolved),  the  residue  is  dissolved  in  as  little 
water  as  possible  and  transferred  to  a  weighed  platinum  crucible. 
After  being  evaporated  on  the  water-bath  to  drjmess  the  bottom 
>of  the  crucible  is  heated  by  means  of  a  free  flame  to  dull  redness 
until  SO,  vapors  cease  to  come  off.  The  crucible  is  aUowed  to  cool 
in  a  desiccator  and  then  weighed.  A  piece  of  ammonium  carbonate 
the  siz )  of  a  pea  is  placed  in  the  crucible  (see  below),  which  is 
^ain  heated  and  weighed,  the  process  being  repeated  until  a  con- 
stant weight  is  obtained. 

If  a  is  the  weight  of  substance  taken  and  p  the  weight  of  the 
K2SO4  obtained,  then  the  percentage  of  potassium  in  the  potassium 
bichromate  may  be  calculated  as  follows: 

K^O^rKj      =p:» 

174.36: 78.30 =p:« 

78.30 
^■^  174.36^ 


.3iul 


78.30        ,_. 
^^174:36^  =  ^^^^ 


100-78.30  p  ,   ^ 

^=     174.36    i-P^'^^ent.K 


In  order  to  determine  the  amount  of  potassium  in  organic  salts, 
a  weighed  sample  is  placed  in  a  large  platinum  crucible,  moistened 
with  a  little  concentrated  sulphuric  acid,  and  heated  over  the 
free  flame  exactly  as  in  the  case  of  igniting  a  moist  precipitate 
(p.  25),  placing  the  crucible  in  an  inclined  position  and  directing 
the  flame  against  the  cover  of  the  crucible.  Thick,  white  fumes  of 
sulphuric  acid  are  soon  evolved ;  as  soon  as  these  begin  to  diminish 
in  quantity  the  flame  is  gradually  brought  toward  the  base  of 
the  crucible,  finally  heating  it  to  a  dull  red  until  no  more  vapors 
are  given  off.  The  mass  remaining  in  the  crucible  now  consists 
of  E^04  and  KjSjOy.    The  latter  compound  can  be  converted 
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by  stronger  ignition  into  K2SO4  with  loss  of  SO,,  but  as  this  proced- 
ure involves  a  slight  loss  of  potassium  it  is  preferable  to  add  a  little 
solid  ammonium  carbonate,  by  means  of  which  the  excess  of  sul- 
phuric acid  is  converted  into  ammonium  sulphate,  which  is  readily 
volatile  and  can  be  driven  off  at  a  much  lower  temperature. 

3.  Determination  of  Potassium  as  K^PtCle  and  as  KCIO4. 

These  determinations  are  only  employed  when  it  is  necessary 
to  effect  a  separation  of  potassium  from  sodium.  We  will,  there- 
fore, first  consider  the  determination  of  sodium  itself  and  after- 
wards the  separation  of  the  two  metals. 

SODIUM,  Na.    At.  Wt.  23.05. 

Sodium,  like  potassium,  is  determined  in  the  form  of  its  chloride 
and  of  its  sulphate,  and  the  same  precautions  which  were  discussed 
under  potassium  hold  in  the  case  of  sodium.  It  may  be  men- 
tioned, however,  that  NaCl  and  Na2S04  are  more  difficultly  fusible 
and  much  less  volatile  than  the  corresponding  potassiimi  com- 
pounds. 

Separation  of  Potassium  from  Sodium. 

The  solution  should  contain  salts  of  no  other  metals  with  the 
exception  of  ammonium  salts.  In  order  to  separate  the  sodium 
and  potassium  they  should  both  be  present  as  chlorides,  the  com- 
bined weight  of  which  being  first  ascertained.  The  mixture  is 
then  dissolved  and  the  potassium  precipitated  out  either  as 
chlorplatinate  or  as  perchlorate.  From  the  weight  of  the  pre- 
cipitate, the  corresponding  amount  of  potassiiun  chloride  can  be 
calculated,  which  value  is  deducted  from  the  weight  of  the  com- 
bined chlorides ;  this  gives  the  weight  of  sodium  chloride  origin- 
ally present.  The  sodium,  therefore,  is  determined  by  differ- 
ence. 

A.  Separation  of  the  Potassium  as  K,PtCl«. 

Principle. — ^K^PtClg  is  practically  insoluble  in  absolute  alcohol, 
whereas  the  corresponding  sodium  salt  is  soluble.  On  the  other 
hand,  sodium  chloride  is  insoluble  in  absolute  alcohol,  so  that  it 
is  absolutely  necessary  to  convert  both  the  potassium  and  the 
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sodium  to  the  form  of  their  chlorplatinates,  as  otherwise  the  KaPtCl^ 
obtained  will  be  contaminated  with  sodium  chloride  and  too  high  a 
value  will  be  found  for  the  amount  of  potassium  present. 

Procedure:  1.  TransformatUm  of  the  Chlorides  into  Chlorplati- 
nates.— ^The  assumption  is  made  that  the  weight  of  the  two  chlo- 
rides p  consisted  entirely  of  sodium  chloride,  and  from  this  the 
amount  of  hydrochlorplatinic  acid  necessary  to  convert  the  chlo- 
ride into  chlorplatinate  can  be  calculated: 

2NaCl:Pt=p:x 

Pt 
x=^^^Tr-j^p= weight  of  Pt  in  HjPtCle  required. 

Since  our  reagent  (Vol.  I,  p.  236)  contains  10  per  cent.  Pt,  we  have 

Pt 
10  gm.  Pt:100  c.c.  =  ^v^-p,p:x 

a;=2M  pr*P^^'^-  HjPtCl^  required. 

The  solution  of  the  two  chlorides  in  water  (contained  in  a 
platinimi  or  porcelain  evaporating-dish)  is  treated  with  a  few 
tenths  more  than  the  calculated  number  of  cubic  centimeters  of 
HjPtClft  and  is  then  evaporated  to  drjmess*  on  the  water-bath 
at  as  low  a  temperature  as  possible  (the  water  should  not  boil). 
After  cooling,  the  residue  is  treated  with  a  few  c.c.  of  absolute  alcohol 
(best  methyl  alcohol  t)^  after  which  the  solid  mass  is  broken  up 
into  a  fine  powder  by  means  of  a  stirring-rod  or  a  platinimi  spatula. 
The  liquid  is  then  decanted  through  a  filter  moistened  wi^  alcohol, 
and  the  treatment  of  the  residue  with  alcohol  together  with  the 
breaking  up  into  powder,  etc.,  is  repeated  until  the  alcohol  runs 
through  the  filter  completely  colorless  and  the  salt  remaining 
assumes  a  pure,  gold-yellow  color  without  any  orange-colorei  parti- 
cles being  present   (NajPtCl^+GHjO).    The  precipitate  is   then 

*  The  evaporation  to  dryness  serves  to  convert  hydrous  sodium  platinic 
chloride  into  the  anhydrous  salt.  The  latter  salt  is  more  readily  soluble 
in  absolute  alcohol  than  the  former.  Cf.  Precht,  Zeitschr.  f.  anal.  Chem., 
1879,  514,  and  Chem.  Ztg.,  1896,  p.  209. 

t  Dupr^,  Inaugiural  Dissertation,  Halle,  1893. 
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carefully  transferred  to  the  filter,  the  alcohol  is  allowed  to  com- 
pletely drain  off,  and  the  precipitate  is  dried  in  the  hot  closet  at 
SO^-QO**  C.  The  greater  part  of  the  precipitate  is  then  placed 
upon  a  clean  watch-glass,  the  filter  is  replaced  in  the  funnel,  and 
the  precipitate  which  still  adheres  to  it  (and  Ukewise  any  pre- 
cipitate adhering  to  the  dish  in  which  the  original  precipitation 
took  place)  is  dissolved  off  by  means  of  a  little  hot  water  into  a 
weighed  platinum  dish  or  crucible.  The  precipitate  is  evaporated 
to  dryness  on  the  water-bath  at  as  low  a  temperature  as  possible, 
and  to  it  is  now  added  the  precipitate  from  the  watch-glass.  It  is 
dried  at  160°  C.  and  weighed.  The  calculation  of  the  amount  of 
potassium  chloride  corresponding  to  the  weight  of  the  precipitate 
is  performed  as  follows: 

The  weight  p  of  the  potassium  platinic  chloride  is  multiplied  by 
0.3056  and  this  gives  at  once  the  weight  of  the  potassium  chloride. 

Remark. — ^The  coefficient  0.3056  is  obtained  from  the  formula 
KjPtCl^  in  case  the  old  atomic  weight  for  platiniun  (197.20)  is  used : 

Ka=  78.30 

Pt- 197.20 

Cle= 212.70 

* 2KC1 

488.20 :149.2  =  l:x 

a: =0.30561. 

If,  however,  the  value  obtained  by  Seubert  (Pt=  194.8)  is  used,  the 
factor  obtained  has  a  somewhat  higher  value: 

Ka=  78.30 
Pt=  194.80 
Ce=212.70 


485.80:149.2  =  1:0? 
a:=»0.30712. 

H,  therefore,  the  latter  value  for  the  atomic  weight  of  platinum 
is  taken  for  our  computation,  it  is  evident  that  a  higher  value  would 
be  found  for  the  amount  of  potassium  chloride  present.  In  spite 
of  the  fact,  however,  that  without  doubt  the  true  atomic  weight  of 
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platinum  is  nearer  194.8  than  it  is  to  the  old  determination  of  Ber- 
zelius,*  yet  we  come  nearer  the  truth  in  the  calculation  of  the  amount 
of  potassium  chloride  if  we  use  the  older,  less  accurate  value.  The 
reason  for  this  lies  in  the  fact  that  the  precipitate  of  potassium 
platinic  chloride  does  not  exactly  correspond  to  the  formula  K^PtCle. 
It  contains,  in  fact,  a  little  more  chlorine,  besides  oxygen  and 
hydrogen,  which  are  not  given  o£F  as  water  at  a  temperature  of 
160®  C.  We  must  assume  that  the  hydrochlorplatinic  acid  is  de- 
composed slightly  on  evaporation,  perhaps  according  to  the  fol- 
lowing equation : 

HaPtCle-f-  H,05=±2HC]  -f  H,PtCl,0 
or 

H,PtCle-f-  H,0?:±HCl-f-  HjPtCl^OH. 

By  this  hydrolysis  a  mixtiire  of  the  potassium  salts  of  these  differ- 
ent platinum  acids  is  obtained,  but  fortimately  if  the  work  is  always 
done  in  the  same  way  these  compounds  are  alwa3rs  formed  in  the 
same  relative  amounts.  Innumerable  determinations  have  also 
shown  that  correct  results  are  obtained  if  the  older  atomic  weight 
of  platinimi  is  used  in  the  calculations. 

Modification  of  the  Chlorplatinate  Method. 

Instead  of  weighing  the  K^PtCl^,  the  dry  precipitate  may  be 
heated  in  a  stream  of  hydrogen,  when  HCl  and  HjO  will  be  given 
off  and  a  mixture  of  platinum  and  potassium  chloride  will  remain 
behind. 

1.  If  the  amount  of  hydrochloric  acid  evolved  is  determined 
(p  gm.)  and  from  this  the  calculation  of  the  potassium  chloride 
made  according  to  the  following  equation, 

KaPtCl«+  4H = 4HC1+  Pt+  2KC1 
4HCl:2KCl=p:x 
KCl 


♦  Cf.  Fresenius,  Zeitschrift  fur  anal.  Chem.,  1882,  p.  234:  Also  F.  Dupi«, 
"Die  Bestlmmung  der  Kaliums  als  Kaliumplatinohlorid/'  Inauf^ural  Dissert., 
Halle,  1893.  Also  W.  Dittmar  and  McArthur,  Joum.  Soc.  Chem.,  Ind.  6, 
799.  and  Berichte.  1888.  Ref.  412. 
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the  result  will  be  too  low  because  less  HCl  is  evolved  than  oorre^ 
sponds  to  the  above  equation. 

2.  If  the  mixture  of  platinum  and  potassitun  chloride  remaining 
in  the  dish  is  weighed  (p  gm.)  and  the  amount  of  potassium 
chloride  is  calculated  according  to  the  equation 

{Pt+2KCl):2KCl=p:« 

2KC1 
*    Pt+2KCr'' 

too  low  a  result  will  be  obtained. 

3.  Finally^  if  the  mixture  of  platinum  and  potassium  chloride 
is  treated  with  water  and,  on  the  one  hand,  the  weight  of  the  plati- 
num remaining  undissolved  and,  on  the  other  hand,  the  weight  of 
the  potassium  chloride  which  goes  into  solution  (by  evaporating 
the  solution  and  weighing  the  residue)  is  determined,  then  the 
amount  of  potassium  chloride  calculated  from  the  weight  p  of  the 
platinum 

Pt:2KCl=p:« 
2KC1 

again  gives  a  result  which  is  too  low;  while  the  amount  of  potas* 
sium  chloride  found  in  the  aqueous  solution  corresponds  to  the 
amount  of  potassiimi  chloride  originally  present. 

Inasmuch  as  the  precipitate  of  potassium  platinic  chloride 
possesses  a  constant  composition  it  is  possible  to  determine  experi- 
mentally by  working  with  pure  materials  the  exact  ratio  which 
exists  between  (a)  the  amount  of  hydrochloric  acid  evolved,  (6) 
the  mixture  of  potassiiun  chloride  and  of  platinum  remaining 
after  the  ignition,  (c)  the  weight  of  platinum  remaining  undissolved 
after  treatment  of  the  residue  with  water  and  the  amount  of 
potassiimi  chloride  originally  present.  (Correct  results  cannot  be 
obtained  by  using  the  old  atomic  weight  of  platinum.)  Accord- 
ing to  Dupri6,  if  the  amount  of  platinum  determined  according  to  3^ 
is  multiplied  by  the  factor  0.76142  the  true  amount  of  potassium 
chloride  will  be  obtained. 
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Betennination    of   Small  Amounts  of  Potassium    in    the  Pres- 
ence of  Considerable  Sodium. 

The  solution  may  contain  sodium,  potassium,  calcium,  and  mag 
nesium  in  the  form  of  their  chlorides  or  sulphates,  etc.    Hydro- 


HCl 


Fig.  22. 


chloric  acid  gas  is  conducted  into  the 
solution,  which  has  been  concentrated  as 
much  as  possible,  until  it  has  become  sat- 
urated with  the  gas  (the  lower  end  of  the 
delivery-tube  should  be  enlarged,  as  indi- 
cated in  Fig.  22,  and  should  not  dip  into 
the  liquid).  To  every  100  c.c.  of  the  solu- 
tion 2  c.c.  of  water  are  now  added,  the 
precipitated  sodium  chloride  is  allowed  to 
settle  and  the  solution  poured  through  a 
funnel  provided  with  a  platinum  filter- 
cone.  The  precipitated  salt  is  washed  three  times  by  decantation 
with  95  per  cent  alcohol,  transferred  to  the  funnel,  dried  by  suction 
and  then  washed  three  times  more  with  alcohol. 

In  the  solution  there  remains  all  of  the  potassium,  some  sodium, 
and  possibly  calcium,  magnesium,  and  sulphuric  acid. 

The  solution  is  evaporated  on  the  water-bath  to  dryness  if  possi- 
ble (or  if  sulphuric  acid  is  present  the  last  traces  of  the  free  acid 
are  removed  by  means  of  the  free  flame),  the  residue  is  weighed,  and 
for  every  decigram  of  the  salt  mixture  3  c.c.  of  double-normal  hy- 
drochloric acid  are  added  and  more  hydrochlorplatinic  acid 
than  is  necessary  to  precijjitate  all  of  the  potassium  when  the 
liquid  is  evaporated  to  a  paste.  It  is  then  treated  with  20  c.c. 
of  absolute  alcohol,  and  well  stirred.  After  standing  five  minutes 
5  c.c.  of  ether  are  added,  the  mixture  is  allowed  to  stand  half  an 
hour  uiider  a  bell-jar,  and  then  filtered.  As  the  residue  often  con- 
tains small  amoimts  of  other  chlorplatinates,  it  should  be  purified 
as  follows:  The  precipitate  is  allowed  to  dry  in  the  air,  it  is  dis- 
solved in  a  little  hot  water,  a  few  drops  of  hydrochlorplatinic  acid 
are  added,  and  the  above  operation  is  repeated.  The  precipitate 
thus  obtained  contains  all  of  the  potassium  in  the  presence  of 
some  sodium  chloride  and  possibly  sodium  sulphate.  It  is  washed 
with  a  mixture  of  ether  and  alcohol  until  the  liquid  runs  through 
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the  filter  completely  colorless,  after  which  the  precipitate  is  dried^ 
moistened  with  hot  water,  and  digested  on  the  water-bath  with  a 
few  drops  of  chemically  pure  mercury,*  constantly  stirring  with  & 
glass  rod,  mitil  the  hquid  appears  perfectly  colorless. 

By  means  of  this  treatment  the  potassium  platinic  chloride  is. 
completely  decomposed  with  separation  of  platiniun: 

K,Pta.+  4Hg = 2KC1+ 2Hg,CL+  Pt 
or 

K,PtCl.+2Hg=2KCl+2HgCl,+  Pt. 

The  mixture  is  thoroughly  dried  on  the  water-bath  and  gentler 
ignited  until  the  mercury  is  all  volatilized;  the  platinum  is  changed 
at  the  same  time  to  a  denser  form,  which  can  be  readUy  washed  by 
decantation.  After  cooling,  the  mass  is  treated  with  water,  the 
aqueous  solution  is  decanted  th  ough  a  filter,  and  the  residual 
metal  is  washed  with  hot  water,  dried,  and  cautiously  ignited.  The 
filter  is  ignited  in  a  platinum  spiral,  its  ash  is  added  to  the  main 
portion  of  the  platinum  in  the  crucible  which  is  now  ignited,  and 
weighed.  The  weight  obtained  p  multiplied  by  0.76142,  gives  the 
amount  of  potassium  chloride,  or  multiplied  by  0.39960,  gives  the 
corresponding  amount  of  potassium. 

The  above  method  serves  excellently  for  the  estimation  of 
small  amounts  of  potassium  in  mineral  waters. 

Separation   of   Potassium   from    Sodium    by   the    Perchlorate 

Method. 

Principle, — ^This  separation  depends  upon  the  insolubility  of 
potassium  perchlorate  and  the  solubility  of  sodium  perchlorate  in 
97  per  cent  alcohol. 

Very  little  attention  was  formerly  paid  to  this  method  on  account 
of  the  danger  in  handling  pure  perchloric  acid,  but  since  Casparif 
and  Kreider  J  have  shown  that  an  aqueous  solution  of  perchloric 
acid  not  entirely  pure  suffices  for  the  analysis,  it  deserves  general 
recognition. 

*  Sonnstadt,  Zeit.  f.  Anal.  Chem.,  36,  501. 
t  Zeit.  f.  Angew.  Chem.,  1893,  6S. 
X  Zeit.  f.  Anoiig.  Chem.,  Bd.  ix,  342. 
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The  procedure  is  as  follows : 

The  chlorides  of  the  two  metals  (sulphates  must  not  be  present 
on  account  of  the  insolubility  of  sodium  sulphate  in  alcohol)  are 
dissolved,  after  weighing,  in  20  c.c.  of  hot  water,  treated  with  1^ 
times  as  much  of  the  perchlorate  solution  and  evaporated  with 
stirring  to  a  syrupy  consistency.  A  little  hot  water  is  added  and 
the  liquid  evaporated  with  constant  stirring  until  all  of  the  hydro- 
chloric acid  is  expelled  and  heavy  fumes  of  perchloric  acid  are 
given  off,  when  a  little  more  water  is  poured  over  the  residue  and 
the  solution  is  again  evaporated  with  stirring.  The  perchloric 
acid  lost  by  volatilization  is  replaced  from  time  to  time.  After 
cooling,  the  mass  is  treated  with  about  20  c.c.  of  97  per  cent,  alcohol 
to  which  0.2  per  cent,  of  perchloric  acid  has  been  added  and  the 
mixture  is  vigorously  stirred.  It  is  important,  however,  not  to  break 
up  the  crystals  of  potassium  perchlorate  into  too  fine  a  powder  as  the 
latter  would  readily  pass  through  the  asbestos  filter.  After  allow- 
ing the  precipitate  to  settle  the  alcohol  is  decanted  off  through  a 
Gooch  crucible,  the  residue  is  washed  again  with  the  wash-alcohol, 
and  the  excess  of  the  latter  is  removed  by  gentle  warming  The 
residue  is  dissolved  in  10  c.c.  of  hot  water,  to  which  a  little  per- 
chloric acid  has  been  added  and  the  solution  is  evaporated  with 
stirring  imtil  fumes  of  perchloric  acid  are  given  off.  One  c.c.  of 
the  wash-alcohol  is  added;  and,  in  order  to  avoid  the  employment 
of  an  excess  of  the  latter,  the  precipitate  is  transferred  by  means  of 
a  rubber  "policeman"  to  a  Gooch  crucible,  washed  with  50-75  c.c. 
of  97  per  cent,  alcohol,  dried  at  130°  C,  and  weighed.* 

In  case  sulphuric  acid  was  originally  present,  it  is  removed 
by  precipitation  with  barium  chloride.  It  is  not  nesessary  to 
remove  phosphoric  acid,  but,  in  case  this  acid  is  present,  it  is  advisa- 
ble to  allow  tiie  potassium  perchlorate  to  stand  for  some  time 
with  an  excess  of  perchloric  acid  before  treating  it  with  alcohol. 

Preparation  of  Perchloric  Acid  According  to  Kreider. — From 
100-300  gms.  of  commercial  sodium  chlorate  (NaClO,)  are  placed 
in  a  roimd-bottomed  flask  and  heated  imtil  oxygen  begins  to  be 
evolved  slowly.    This  temperature  is  maintained  until  the  mass 

*  Using  this  method,  R.  Fitzenkam  obtained  in  thtee  experimentSi 
100.11, 100.04, 100.24,  mean  100.13  per  cent,  of  the  potassium  chloride  taken. 
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becomes   solid  (requiring   1^-2   hours),  whereby  the   chlorate  is 
almost  completely  changed  to  perchlorate  and  chloride. 

After  cooling,  the  melt  is  dissolved  in  water,  sufficient  hydro- 
chloric acid  is  added  to  decompose  any  chlorate  remaining,  and  the 
solution  is  evaporated  to  dryness  (the  liquid  being  constantly 
stirred  from  the  time  crystals  begin  to  separate  out). 

The  dry  mass  is  broken  up  with  a  stirring-rod  and  then  treated 
in  a  tall  beaker  with  an  excess  of  concentrated  hydrochloric  acid, 
by  means  of  which  sodium  chloride  separates  out  after  a  few  min- 
utes. The  solution  (it  now  contains  perchloric  and  hydrochloric 
acid  in  the  presence  of  small  amounts  of  sodium  chloride)  is  poured 
throusrh  a  Grooch  crucible  and  the  residue  is  washed  once  or  twice 
by  decantation  with  concentrated  hydrochloric  acid.  The  filtrate 
is  evaporated  on  the  water-bath  until  the  hydrochloric  acid  is 
completely  expelled  and  heavy  white  fumes  of  perchloric  acid  are 
evolved. 

Inasmuch  as  commercial  sodium  chlorate  is  often  impure  it  is 
necessary  to  test  the  perchloric  acid  which  has  been  prepared,  for 
potassium.  For  this  purpose  a  small  amoimt  of  the  solution  is 
evaporated  on  the  water-bath  to  dryness  and  the  residue  is  treated 
with  97  per  cent,  alcohol,  which  will  dissolve  it  readily  in  the  absence 
of  potassium  perchlorate.  If  potassium  is  found  to  be  present, 
the  melt  obtained  bv  heating  the  sodium  chlorate  as  above  de- 
scribed  is  treated  with  HCl  and  evaporated  to  dryness  in  order  to 
decompose  any  sodium  chlorate  remaining.  The  residue  is  finely 
powdered  and  treated  with  97  per  cent,  alcohol  (1  c.c.  dissolves  0.2 
gm.  NaClOj)  and  filtered  and  the  process  repeated  until  a  little  of 
the  alcoholic  solution  when  evaporated  to  drjTiess  leaves  absolute- 
ly no  residue. 

The  alcoholic  solution,  which  is  now  free  from  potassium,  is 
distilled  from  a  spacious  flask  until  the  perchlorate  begins  to  crys- 
tallize out.  when  it  is  poured  rapidly  into  an  evaporating-dish, 
evaporated  to  dryness,  and  treated  as  previously  described,  with 
hvdrochloric  acid,  etc. 

One  c.c.  of  a  potassiimi  perchlorate  solution  prepared  accord- 
ing to  the  above  directions  gave  a  residue  of  0.0369  gm.  which 
was  completely  soluble  in  97  per  cent,  alcohol,  as  it  should  be. 

In  order  to  ascertain  the  approximate  amount  of  perchloric 
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acid  contained  in  the  solution,  1  c.c.  should  be  treated  with  an 
excess  of  KCl,  evaporated  to  dryness,  treated  with. an  excess  of 
97  per  cent,  alcohol,  filtered  through  a  Gooch  crucible,  and  washed 
until  the  filtrate  shows  no  turbidity  on  being  treated  with  silver 
nitrate  solution.    The  precipitate  is  then  dried  and  weighed. 

LlxmUM,  Li.    At.  Wt.  7.03. 
Forms:  LijSO^  and  LiCI. 

The  determination  of  lithium  in  the  form  of  the  above  salts  is 
carried  out  in  practically  the  same  way  as  in  the  case  of  potassium. 
It  should  be  mentioned,  however,  that  on  evaporating  a  lithiimi 
salt  with  concentrated  sulphuric  acid  the  acid  salt,  LiHSO^,  is 
formed,  which  on  gentle  ignition  (even  without  the  addition  of 
ammonium  carbonate)  is  changed  to  difficultly  volatile  Li^SO^. 

Since  lithium  chloride  is  a  very  hygroscopic  salt,  it  is  necessary 
to  weigh  it  out  of  contact  with  moist  air.  To  accomplish  this, 
the  platinum  crucible,  after  being  gently  ignited,  is  placed  in  a 
desiccator  which  is  provided'  with  a  calcium- chloride  tube,  and 
beside  the  crucible  is  placed  a  weighing  beaker  with  ground  glass 
stopper.  After  both  crucible  and  beaker  have  assumed  the  tem- 
perature of  the  room,  the  former  is  quickly  placed  within  the 
latter  which  is  then  stoppered.  It  is  allowed  to  stand  for  20  min- 
utes in  the  balance  case  and  then  weighed.  The  salt  is  then  placed 
in  the  crucible  and  the  above  process  repeated. 

Determination    of    Lithium,    Potassium,   and   Sodium  in    the 

Presence  of  One  Another. 

After  determining  the  weight  of  the  combined  chlorides,  the 
potassium  is  determined  in  one  portion  as  K^PtCl,,  and  in  a  second 
portion  the  lithiimi  is  determined  according  to  one  of  the  following 
methods: 

(a)  GoocWs  Method* 

Principle — Anhydrous  LiCl  is  soluble  in  anhydrous  amyl 
alcohol  (15  parts  of  amyl  alcohol  dissolve  in  the  cold  1  part  of 
LiCi.  or  10  c.c.  dissolve  0.66  gm.  LiCl)  while  KCl  and  NaCl  are 

♦  Prooeedings  of  the  Am.  Acad,  of  Arts  and  Sciences.  22  [N.  Q.  14],  177. 
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ilifficultly  soluble  in  this  liquid  (solubility  of  NaCl= 1:30,000,  of 
KC1=1:24,000). 

Procedure, — ^The  solution,  after  having  been  concentrated  as 
far  as  possible,  and  which  should  not  contain  more  than  0.2  gm. 
LiCl,  is  placed  in  a  50  c.c.  Erlenmeyer  flask,  5-6  c.c.  of  amyl  alcohol 
(boiling  point  132^  C.)  are  added  and  the  flask  is  .placed  upon  an 
asbestos  plate  and  cautiously  heated.  The  aqueous  solution  at 
the  bottom  of  the  beaker  soon  begins  to  boil  and  the  water  vapor 
escapes  through  the  upper  layer  of  amyl  alcohol.*  As  soon  as 
all  the  water  has  been  boiled  off.  the  chlorides  of  sodium  and 
potassium  separate  out,  while  the  greater  part  of  the  lithiiun 
chloride  is  to  be  found  in  the  alcoholic  solution.  During  the 
evaporation  of  the  aqueous  LiCl  solution,  however,  some  LiOH  is 
formed  by  hydrolysis,  and  the  latter  compound  is  insoluble  in 
amyl  alcohol.  In  order  to  bring  this  completely  into  solution, 
the  clear  amyl  alcohol  solution  is  treated  with  2-3  drops  of  concen- 
trated hydrochloric  acid,  boiled  two  or  three  minutes  and  filtered 
while  still  warm  through  a  small  asbestos  filter.  The  crust  which 
remains  is  composed  of  sodium  and  potassiimi  chlorides  and  is 
washed  with  hot  amyl  alcohol,  which  has  been  boiled.  The  fil- 
trate is  evaporated  to  dryness,  and  the  residue  is  dissolved  in  a 
little  water  after  the  addition  of  some  dilute  sulphuric  acid.  The 
solution  is  filtered  from  the  carbonaceous  residue  into  a  weighed 
platinum  crucible,  evaporated  as  far  as  possible  on  the  water- 
bath,  the  excess  of  sulphuric  acid  is  removed  by  gentle  heating 
over  a  flame  (the  crucible  being  held  in  an  inclined  position)  and 
it  is  then  weighed.  The  lithium  sulphate  thus  obtained  always 
contains  small  amounts  of  potassium  and  sodium  sulphates  in 
case  these  metals  were  present  so  that  from  the  weight  obtained^ 
0.00041  gm.  should  be  deducted  for  every  10  c  c.  of  the  filtrate 
(exclusive  of  the  alcohol  used  in  washing  the  residue)  in  case  only 
sodium  chloride  is  present  or  0  00051  if  only  potassium  chloride  is 
present,  and  0.00092  if  both  sodium  and  potassium  chlorides  are 
present 

*To  pievent  loss  by  bumping  at  thts  po*nt  the  flask  sbouM  be  fitted 
with  a  cork  stopper  through  which  two  rods  pass  If  air  's  drawn  through 
the  liquid  during  the  boiling,  the  water  evaporates  more  quickly  and  without 
bumpmg 
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If  10-20  mgm.  of  lithium  chloride  were  present  in  the  original 
salt  mixture,  then  the  residue  obtained  after  filtering  and  wash- 
ing with  amyl  alcohol  is  dissolved  in  a  little  water  and  the  above 
treatment  is  repeated,  the  lithium  being  determined  in  the  com- 
bined filtrates. 

This  method  is  very  accurate,  and,  in  the  author's  opinion  it 
is  to  be  preferred  to  all  other  methods  for  the  determination  of 
lithium. 

(6)  Rammelsberg'a  Method. 

Principle. — ^Anhydrous  lithium  chloride  is  soluble  in  a  mixture 
of  equal  parts  alcohol  and  ether  which  has  been  saturated  with 
hydrochloric  acid  gas,  while  the  chlorides  of  sodium  and  potasslmn 
are  practically  insoluble  therein. 

Procedure. — ^The  solution  of  the  chlorides  is  evaporated  to  dry- 
ness in  a  small  flask  made  of  Jena  glass  and  provided  with  a 
ground-glass,  two-way  stopper  (p.  31,  Fig.  20a).  During  the  evapo- 
ration a  current  of  dry  air  is  passed  into  the  fiask  through  the  long 
tube  a  and  out  through  the  short  tube  b.  As  soon  as  the  resi- 
due has  become  dry  the  flask  is  placed  in  an  oil-bath  and  heated 
for  half  an  hour  at  140-150°  C. ,  during  which  time  dry  hydro- 
chloric acid  gas  is  passed  through  the  flask.  The  flask  and  its  con- 
tents are  aUowed  to  cool  with  the  hydrochloric  acid  still  passing 
through  the  flask,  after  which  the  residue  is  treated  with  a  few 
cubic  centimeters  of  absolute  alcohol,  which  has  been  saturated 
with  hydrochloric  acid  gas,  and  an  equal  volume  of  absolute  ether 
is  added.  The  flask  is  then  tightly  stoppered  and  allowed  to  stand 
with  frequent  shaking  for  12  hours.  The  solution  is  then  poured 
through  a  filter,  wet  with  the  ether-alcohol  mixture,  and  the  residue 
is  washed  three  times  by  decantation  with  ether-alcohol.  A  few 
more  cubic  centimeters  of  ether-alcohol  are  added  to  the  contents 
of  the  flask  and  it  is  again  allowed  to  stand  for  12  hours;  the  liquid 
is  then  poured  off  and  the  residue  is  washed  with  ether-alcohol 
until  a  trace  of  the  residue  tested  in  the  spectroscope  shows  the 
complete  absence  of  lithium.  The  ether-alcohol  extract  is  care- 
fully evaporated  to  dryness  in  a  water-bath  containing  lukewarm 
water,  the  residue  is  dissolved  (after  the  addition  of  a  little  dilute 
sulphuric  acid)  in  as  little  water  as  possible,  transferred  to  a  weighed 
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platinum  cmcible  and  treated  with  sufficient  sulphuric  acid  to 
transform  the  lithium  chloride  present  completely  into  sulphate,* 
The  solution  is  evaporated  as  far  as  possible  on  the  water-bath, 
then  cautiously  over  the  free  flame,  after  which  it  is  gently  ignited 
and  the  residue  of  lithiiun  sulphate  is  weighed. 

Remark, — In  the  presence  of  considerable  sodium  and  potas- 
sium salts  it  is  advisable  to  remove  the  greater  part  of  these  by 
precipitation  with  hydrochloric  acid  gas  (cf.  p.  45),  filtering 
through  asbestos  and  washing  the  precipitate  with  concentrated 
hydrochloric  acid  until  the  residue  no  longer  ^ves  the  lithium 
spectrum.    The  results  obtained  by  this  method  are  satisfactory. 

Besides  the  above  methods  for  the  separation  of  lithium  from 
sodium  and  potassium  there  are  two  other  methods  to  be  men- 
tioned; that  of  W.  Mayer  t  and  that  of  A.  Camot.t  According 
to  Mayer  the  lithium  is  precipitated  in  the  presence  of  NaOH  as 
LijPO^,  which,  after  being  washed  with  ammonia  water,  is  ignited 
and  weighed.  Rammelsberg,  however,  claims  that  the  Li^PO^ 
always  contains  some  sodium,  so  that  the  method  is  inaccurate. 
A  great  many  experiments  tried  in  the  author's  laboratory  have 
led  to  the  same  conclusion. 

According  to  Camot  the  lithium  is  separated  as  the  fluoride  and 
then  transformed  to  the  sulphate.  Walter  §  claims  that  this 
method  is  accurate  but  tedious. 

Example  for  practice:  LepidoUte  analysis.   (Seep.  400). 

*  The  above-described  method  has  been  modified  by  the  author.  Ram- 
melsberg evaporates  the  chlorides  in  the  water-bath,  heats  the  residue  till 
it  melts  and  then  after  cooling  extracts  with  ether-alcohol.  By  the  evapora- 
tion and  fusion  of  the  lithium  chloride  there  is  formed  some  lithium  hy- 
droxide which  is  changed  by  the  carbonic  acid  of  the  air  to  carbonate. 
Lithium  carbonate  is  insoluble  in  ether-alcohol  so  that  the  extraction  with 
ether-alcohol  is  not  complete. 

t  Ann.  d.  Chem.  u.  Pharm.,  9S,  193,  and  Merling,  Zeitachr.  f.  an.  Ch.» 
18,  563. 

t  Zeit.  f.  Anal.  Chem.  29,  332. 

§  The  Analyst,  16,  209. 
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•      •  •  . 

Ammonium  nh^.    Mol.  Wt.  I8.O8. 

Forms:  NH,,  NH^Cl,  (WHJjPtCl.,  Pt,  N. 

We  have  two  cases  to  distinguish: 

1.  The  anunonium  is  present  as  chloride  in  aqueous  soluticm. 

2.  The  ammonium  is  present  in  solution,  together  with  other 
cathions  and  anions. 

1.  The.  solution  contains  only  NH<  and  CI  ions.  In  this  case  the 
solution  may  be  evaporated  to  dryness  and  the  residue  of  ammo, 
nium  chloride  weighed;  or  the  ammonium  can  be  precipitated  bs 
(NHJjPtCl^  and  the  precipitate  weighed;  or  the  ammonium  pla- 
tinic  chloride  can  be  ignited  and  the  residue  of  platinum  weighed. 

(a)  Determination  as  NH^Cl. 

The  aqueous  solution  is  treated  with  concentrated  HCl  and 
evaporated  to  a  small  volume  on  the  water-bath  at  as  low  a  temper- 
atiu^  as  possible,  the  solution  is  transferred  to  a  platinum  crucible 
(or  one  of  porcelain),  evaporated  on  the  water-bath  to  dryness,  and 
the  covered  crucible  is  dried  to  constant  weight  in  a  drying-oven. 
Good  results  are  obtained,  but  they  are  always  too  low.  On 
evaporating  the  aqueous  solution  some  NH4CI  is  driven  off,  and 
the  amount  lost  increases  in  proportion  to  the  amount  of  water 
used  and  the  temperature  at  which  the  evaporation  takes  place, 
on  account  of  the  NH4CI  being  partly  decomposed  according  to  the 
equation 

NH,Cl<r±NH,+  HCl 

into  NH3  and  HCl,  both  of  which  are  volatile.* 

If,  on  the  other  hand,  a  little  hydrochloric  acid  is  added  to  the 
solution  the  dissociation  is  for  the  most  part  prevented  go  that 
the  loss  is  reduced  to  a  minimum.  The  ammonium  chloride  must 
be  dried  in  a  covered  crucible  as  otherwise  a  small  amount  of  the 


*  In  cold,  aqueous  solution  the  NH^Cl  undergoes  electrolytic  dissociation 
mmply: 

NH,C14=±NH;4-C1'. 
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salt  will  be  lost,  but  this  amount  is  small  in  comparison  with  the 
amoimt  which  it  is  possible  to  lose  during  the  evaporation. 

(b)  Detennination  as  (RHj^PtCl^. 

On  heating  (NHJ,PtCl,  to  130°  C.  the  salt  is  unchanged;  it 
suffers  no  dissociation,  therefore,  up  to  130°  C.  In  aqueous  solu- 
tion it  undergoes  only  electrolytic  dissociation  so  that  the  above 
salt  loses  no  (NHJ  during  the  evaporation  of  its  aqueous  solution. 

The  aqueous  solution  of  anmioniimi  chloride,  therefore,  is 
treated  with  an  excess  of  hydrochlorplatinic  acid  and  a  little  hydro- 
chloric acid  and  evaporated  at  as  low  a  temperature  as  possible 
to  dryness.  The  residue  is  taken  up  in  absolute  alcohol  and  fil- 
tered through  a  Gooch  crucible,  dried  at  130°  C,  and  weighed. 
From  this  weight,  the  amount  of  ammonium  chloride  originally 
p  esent  can  be  correctly  calculated  by  using  the  old  atomic  weight 
of  platinum:  Pt=  197.20.  If  the  new  value  for  the  atomic  weight 
of  platinum  (Pt=  194.8)  is  used,  too  high  a  value  will  be  obtained 
for  the  amount  of  ammonium  present,  as  was  explained  in  the 
case  of  potassium. 

If  the  weight  of  the  (NHJ^tCl,=p,  then 

pX  0.24001  =  NH,C1 
pX  0.08107  =  NH, 
pX  0.07660 =NH3. 

(c)  Determination  as  Platinum. 

Instead  of  weighing  the  (NH<)2PtClc  as  such,  it  can  be  decom- 
posed by  ignition*  and  the  weight  of  the  platinum  remaining 
determined.  If  the  old  value  for  the  atomic  weight  of  platinum 
(197.2)  is  used  in  this  determination  the  results  obtained  will  be 

*  As  ammonium  platlnic  chloride  decrepitates  strongly  on  being  heated, 
the  ignition  must  take  place  in  a  large  porcelain  crucible  which  is  proWded 
with  a  close-fitting  cover.  The  precipitate  must  be  heated  gradually  at 
first  to  prevent  loss.  It  is  best  ignited  according  to  the  directions  of  Rose. 
The  precipitate  and  filter  are  placed  in  the  crucible  \\ith  the  filter-paper  on 
top,  the  crucible  is  covered  and  heated  over  a  ver>'  small  flame  until  the 
fwiper  is  completely  charred  without  allowing  the  vapor  to  escape  \Tsibly 
from  the  cmcible.  The  crucible  is  then  strongly  ignited  with  free  access 
of  air  until  the  charred  filter  is  completely  consumed. 
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about  0.4  per  cent  too  low,  while  if  the  new  value  (194.8)*   is 
used,  the  results  will  be  about  0.8  per  cent  too  high. 

Correct  results  can  be  obtained  by  multiplying  the  weight  of 
platinum  (p)  by  the  following  factors: 

pX0.54527  =  NH,Cl; 

PX0.18416-NH,; 

PX0.17388-NH,. 

3.  The  Ammooiiun  is  Preseot  Together  with  Other  Cathions 
and  Anions  in  Solution  or  in  Solid  Form. 
(a)  The  solution  ia  distilled  after  the  addition  of  a  strong  base 
<NaOH — Ca(OH),t),  the  ammonia  evolved  is  absorbed  in  hydro- 
chloric acid  and  the  resulting  solution  ta  analyzed  according  to  1. 


Procedure. — About  1  gm.  of  the  substance  to  be  analyzed  is  placed 
in  the  400-500  c.c.  Erlenmeyer  flask  K,  it  is  dissolved  in  200  c.c, 
of  water,  a  few  drops  of  litmus  solution  are  added,  and  in  case  the 

*  In  analysing  platinatea  of  organic  bases  (by  weighing  the  platinum) 
correct  results  may  be  obtained  by  using  for  the  atomic  weight  of  platinum 
the  value  197  20. 

t  MgO  ia  frequently  recommended  for  expelling  the  ammonia.  Accord- 
ing ia  a  private  communication  from  Herr  Bormann,  of  Neunkirch,  this 
biwe  ia  absolutely  unsuited  for  this  purpose. 
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;  solution  reacts  acid,  sodium  hydroxide  solution  (which  has  been 
previously  boiled  to  expel  traces  of  ammonia)  is  slowly  added  at  T 
with  Constant  shaking  until  the  solution  changes  to  blue,  after 
which  ten  c.c.  more  of  the  caustic  soda  solution  are  added.*  The 
liquid  is  then  heated  to  boiling  and  100  c.c.  of  it  is  carefully  distilled 
into  the  receiver  F,  which  already  contains  20  c  c.  of  2  N.  hydro- 
chloric acid.  In  order  to  make  sure  that  no  ammonia  escapes 
from  the  receiver  it  is  well  to  connect  it  with  a  small  Peligot  tube 
.containing  5  c.c.  of  2  N.  hydrochloric  acid  and  some  distilled 
water. 

After  liJO  c.c.  of  the  liquid  have  distilled  over,  all  the  ammo- 
nia will  be  foimd  in  the  receiver  and  can  be  determined  according 
'to  1  (a)  or  1  (ft);  preferably  the  latter.  The  determination  can 
be  carried  out  much  more  quickly,  however,  if  the  receiver  contains 
a  measured  amount  of  standardized  acid  and  the  excess  is  deter- 
mined after  the  distillation  by  titrating  with  alkali  (cf.  p.  446). 

It  is  also  possible  to  make  an  accurate  determination  of  the 
amount  of  ammonia  present  by  measuring  the  volume  of  the  gas.f 

Colofimetric  Determination  of  Ammonium. 

"  For  the  determination  of  such  smaU  amoimts  of  ammonia  as 
occur  in  drinking-water,  the  above  methods  are  not  suited.  In  this 
case  the  procediu^  is  the  same  as  was  described  in  Vol.  I,  p.  46. 
(In  the  case  of  mineral  waters  it  is  necessary  to  add  more  than  one 
drop  of  the  soda  solution;  the  amount  necessary  is  determined 
by  adding  litmus  to  a  definite  volume  of  the  water- and  then  adding 
the  soda  solution  imtil  the  litmus  changes  to  blue.)  The  distillate 
is  received  in  50  c.c.  graduated  Nessler  tubes  (in  the  fourth 
one  there  is  usually  no  ammonia  to  be  detected)  and  these  are 
Nesslerized.  The  50  c.c.  of  distillate  is  mixed  with  2  c.c.  of  the 
Nessler  solution  and  the  yellow  color  produced  is  compared  with 
the  colors  produced  in  the  same  way  from  a  series  of  tubes  contain- 
ing known  amounts  of  ammonia.    When  a  standard  is  found  of 

*  The  separatory  funnel  T  should  be  roughly  calibrated  before  setting 
up  the  apparatus,  by  pouring  water  into  it,  one  cubic  centimeter  at  a  time^ 
and  marking  with  a  pencil  the  level  of  the  liquid  on  the  glass. 

t  Cf.  Part  III,  Gas  Analysis. 
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the  same  shade  as  the  solution  tested,  then  the  two  solutions  contain 
the  same  amount  of  ammonia. 

The  ammooium  chloride  solution  necessary  for  preparing  the 
standards  is  prepared  as  follows : 

3.1365*  gms.  of  ammonium  chloride  which  has  been  dried  at 
100°  C.  are  dissolved  in  1  hterof  water  fiee  from  ammonia  (cf.  foot- 
note, Vol.  I,  p.  47).     The  solution  now  contains 

1  mgm.  of  ammonia  (NH^  per  cubic  centimeter; 
this,  however,  is  too  strong  for  most  purposes,  so 
that  10  C.C.  of  it  are  tfjcen  and  diluted  to  1 
liter.  Of  this  solution  1  c.c.  contains  0.01  mgm. 
NHj.  If  the  water  to  be  analyzed  contains 
conuderable  ammonia,  a  smaller  portion  should 
be  taken  for  the  analysis  than  in  ordinary  cases 
(500  c.c.)  as  otherwise  the  first  distillate  (50  c.c.) 
would  give  too  intense  a  color  with  the  Nessler 
solution.  In  such  a  case  only  50  c.c.  of  the 
water  should  be  taken  for  the  analysis  and  this 
should  be  diluted  to  500  c.c.  with  water  free 
from  ammonia  and  then  distilled.  ^ 

In  order  to  ascertain  how  much  of  the  water 
to  take  for  the  analysis,  the  following  experiment  should  be  made: 

About  100  c.c.  of  the  water  to  be  tested  are  placed  in  a  narrow 
cylinder  (which  is  provided  with  a  ground-glass  stopper),  2  c.c.  of 
a  strongly  alkaline  sodium  carbonate  solution  t  are  added  to  pre- 
cipitate the  calcium  which  may  be  present,  tlie  mixture  is  vio- 
lently shaken  and  allowed  to  settle.  From  the  clear  supernatant 
liquid  50  c.c,  are  pipetted  off  into  a  Nessler  tube,  treated  with 

2  c.c.  of  Nessler  solution  and  mixed.J     If  a  strong  yellow  color,  or 

•The  value  3,147  fpns.  is  usually  given,  but  by  employing  the  more  recent 
atomic  wcighta  <NH,CI=53.54;  NH,=17.07)  the  value  3.1366  ia  obtained. 

1 60  gms.  NaOH  and  50  gms.  NEt,CO,  (catcined)  are  dissolved  in  600  r.c. 
of  pure  distilled  water  and  the  solution  boiled  until  the  volume  ia  only  500  cc. 

%  Id  the  caae  of  mineral  waters  rich  in  magnesium  sulphate,  the  addition 
of  the  10  c.c.  of  sodium  carbonate  solution  often  fails  to  prevent  a  turbidity 
OD  adding  Xhs  Neasler  reagent,  which  would  render  a  calorimetric  determina- 
tion impoaable.  In  thia  raxe  10  e.c.  of  a  boiled  BaCI,  solution  (120  fanf. 
BaCl,-f-2H,0  in  500  c.c.  H,0)  should  be  added  before  treating  the  waU-r 
with  the  Bodium  (■arbonnt<>  Rohition, 
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even  a  precipitate,  is  obtained,  then  only  50  c.c.  of  the  water  should 
be  taken  for  analy^.  If,  on  the  other  hand,  there  is  not  more  than 
a  faint  coloration  apparent,  then  500  c.c.  must  be  taken  for  the 
determination. 

For  the  Nesslerization,  the  three  cylinders  each  containing 
50  c.c.  of  the  distillate  are  placed  over  a  sheet  of  white  paper, 
treated  with  2  c.c.  of  the  Nessler  reagent,  and  mixed.  Beside 
them  are  placed  a  series  of  similar  cylinders  containing  respectively 
0.0,  0.5,  1.0,  1.5,  2.0,  2.5,  3.0  c.c.  of  the  standard  ammonium 
chlo^de  solution  diluted  to  50  c.c.  These  are  also  treated  with 
2  c.ct  of  the  Nessler  reagent  and  by  matching  the  colors  obtained 
in  the  test  with  those  obtained  from  known  amoxmts  of  ammonia 
the  amount  present  in  the  water  can  be  easily  estimated. 

The  Nessler  reagent  should  give  a  distinct  coloration  with  500  c.c. 
of  water  containing  0.005  ingm.  NH, ;  if  this  is  not  the  case,  it  must 
be  made  more  sensitive  by  the  addition  of  mercuric  chloride  solu- 
tion. 

For  mixing  the  Uquid  in  the  cylinders  it  is  convenient  to  employ 
a  stirrer  such  as  is  shown  in  Fig.  24,  the  diameter  of  the  bulb  on 
the  end  being  only  slightly  less  than  that  of  the  cylinder.  By 
moving  this  stirrer  up  and  down  twice  the  liquid  becomes  thor- 
oughly mixed. 

Kjeldahl's  Method  for  Determining  Nitrogen. 

The  methods  which  have  been  described  thus  far  are  suitable 
only  for  the  determination  of  nitrogen  when  it  is  in  solution  in 
the  form  of  NH<  ions.  It  is,  however,  of  great  importance  to  be 
able  to  determine  nitrogen  when  it  is  present  other  than  as  an 
ammonium  compound  (in  albumen,  coal,  etc.).  Inasmuch  as  it 
is  possible  to  determine  the  amoimt  of  ammonia  present  very  accu- 
rately, and  by  the  employment  of  volumetric  methods,  very  quickly, 
methods  were  sought  for  the  transformation  into  ammonia  of  the 
nitrogen  originally  present  in  some  other  form.  This  is  readily 
brought  about  by  the  method  of  Kjeldahl  and  its  modifications. 

By  the  oxidation  of  nitrogenous  organic  substances  with  con- 
centrated sulphuric  acid,  potassium  permanganate,  mercuric  oxide, 
etc.,  the  organic  matter  is  destroyed  and  the  nitrogen  is  completely 
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changed  to   ammonium  and  held  as  ammonium  sulphate,  from 
which  th^  anmionia  can  be  readily  distilled  off. 

Procedure  for  KjddahVe  Nitrogen  Determination  (WUfarth'a 
Modification*). — ^From  1  to  2  gms.  of  the  substance  to  be  analyzed 
are  placed  in  a  500-600-c.c.  flask,  made  of  difficultly  fusible  potash 
^lass,  and  to  it  are  added  20  c.c.  of  sulphuric  acid  (3  voliunes  of  con- 
centrated acid  mixed  with  2  volumes  of  fuming  sulphuric  acid)  and 
a  few  drops  of  mercury.  The  flask  is  then  heated  in  an  iron  dish 
covered  with  asbestos  imtil  its  contents  gently  boil.  It  is  impor- 
tant, however,  to  be  sure  that  the  substance  should  be  thoroughly 
moistened  by  the  sulphuric  acid  before  the  heating,  especially  in 
the  case  of  mealy  substances.  In  order  to  avoid  a  loss  of  nitro- 
genous matter,  it  is  first  heated  for  half  a  minute  over  a  very  small 
flame  and  then  over  a  larger  one,  but  in  no  case  should  the  flame 
touch  the  flask  above  the  part  occupied  by  the  liquid. 

The  heating  is  continued  until  the  solution  becomes  clear  and 
completely  colorless.  In  the  presence  of  iron  compoimds,  how- 
ever, the  liquid  is  sometimes  slightly  yeUow.  The  decomposition 
is  usually  complete  in  two  or  three  hours.  The  liquid  is  then  allowed 
to  cool,  the  sides  of  the  flask  are  washed  down  and  the  solution  is 
diluted  with  about  250  c.c.  of  water.  After  it  is  thoroughly  cool, 
80  c.c.  of  caustic  soda  solution,  free  from  nitrate,  are  quickly  added 
and  sufficient  potassium  sulphide  solution  (40  gms.  commercial 
potassium  sulphide  to  the  liter)  to  completely  precipitate  the  mer- 
cury and  cause  the  Uquid  to  appear  black  (25  c.c.  of  the  potassium 
sulphide  solution  are  usuaUy  sufficient).  A  few  grains  of  powdered 
zinc  are  then  added  and  the  flask  is  quickly  connected  with  the  distil- 
ling apparatus.  The  distilling-tube  dips  into  a  250-300-c.c.  Erlen- 
meyer  flask  containing  a  known  volume  of  normal  sulphuric  acid 
(10-20  c.c.)  and  sufficient  water  to  cover  the  lower  end  of  the  con- 
denser tube.  As  soon  as  a  noticeable  amount  of  water  vapor 
begins  to  come  over,  it  is  no  longer  necessary  to  have  the  condenser 
tube  dip  into  the  sulphuric  acid  solution  in  the  receiver.  After 
100  c.c.  of  the  liquid  have  distilled  over,  the  receiver  is  removed 
and  the  excess  of  sulphuric  acid  is  determined  by  titration  with 
one-tenth  normal  bariimi  hydroxide  solution  using  helianthin  as 
an  indicator. 


♦Chem.  Centralbl.  [3.  F.]  16,  pp.  17  and  113. 
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Fiom  the  amount  of  sulphuric  acid  used,  the  amount  of 
nitrogen  present  may  be  calculated  as  follows:  Let  ^  be  the 
number  of  cubic  centimeters  of  normal  sulphuric  acid  neutralized 
by  the  ammonia  evolved  from  a  gms.  of  the  substance,  then  this 
corresponds  to 

<X0.01404  gms.  nitrogen, 

and  the  percentage  of  nitrogen  in  the  substance  is 

aUX0.01404  =  100:x, 

a:=  -  =  per  cent,  nitrogen. 

If  the  nitrogen  is  originally  present  to  a  considerable  extent  in 
the  form  of  nitrates,  oxides,  or  cyanides,  the  above  modification  of 
KjeldahPs  method  will  not  serve  to  change  all  of  the  nitrogen  into 
ammonia.  In  such  cases  it  is  best  to  use  the  modification  proposed 
by  M.  Jodlbauer:  * 

From  0.2-0.5  gm.  of  potassium  nitrate  (or  the  corresponding 
amount  of  another  nitrate)  are  treated  with  20  c.c.  of  concentrated 
sulphuric  acid  and  2.5  c.c.  of  phenolsulphonic  acid  (50  gms.  of 
phenol  dissolved  in  enough  concentrated  sulphuric  acid  of  66*^  B^. 
to  make  100  c.c.  of  solution)  2-3  gms.  of  zinc  dust  and  5  drops  of 
hydrochlorplatinic  acid  are  added  and  the  mixture  heated.  After 
heating  the  substance  with  this  mixture  for  four  hours,  the  liquid 
becomes  colorless  and  is  ready  to  be  distilled  with  the  caustic  soda 
solution. 

Magnesium,  Mg.    At.  Wt.  24.36. 

Porms:  MgSO,,  MgO,  MgzPjO,. 
(a)  Determination  as  MgSO^. 

This  method  for  the  determination  of  magnesium  can  always 
be  employed  when  the  magnesium  is  combined  with  an  acid  which 
can  be  volatilized  by  heating  with  sulphuric  acid,  and  when  no 
other  metal  besides  ammonium  is  present.  A  weighed  amount 
of  the  substance  is  placed  in  a  platinum  crucible  and  treated  with 
a  slight  excess  of  concentrated  sulphuric  acid.f  the  mixture  is 

*Chem.  Centralbl   [3.  F.]  17,  433  and  Zeit.  f  anal.  Chem.    XXVI.  92 
t  Substances  which  react  violently  ^ith  concentrated  H^O,  should  be 
first  treated  with  water,  and  dilute  sulphuric  acid  added  little  by  little. 
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evaporated  on  the  water-bath  as  far  as  possible;  and  the  excess  of 
free  sulphuric  acid  is  removed  by  cautiously  heating  the  crucible, 
held  in  an  inclined  position,  over  a  free  flame.  Finally  the  dry 
mass  is  heated  just  to  redness  in  a  covered  crucible^  and  after  cool- 
ing in  a  desiccator,  is  weighed  as  quickly  as  possible,  as  the 
anhydrous  magnesium  sulphate  is  hygroscopic. 

(b)  Determination  as  MgO. 

This  method  is  seldom  used  in  practice,  and  then  only  in  case 
the  magnesium  is  present  in  a  form  that  can  be  readily  changed  to 
the  oxide  by  ignition — ^i.e.,  as  carbonate,  nitrate  or  salt  of  an  organic 
acid.*  The  procedure  consists  simply  of  at  first  carefully  heating 
in  a  covered  crucible,  and  finally  with  the  full  heat  of  the  Teclu 
burner  in  a  half-covered  crucible. 

(c)  Determination  as  Magnesium  Pyrophosphate. 

This,  the  most  important  of  all  the  methods  for  the  determina- 
tion of  magnesium,  is  always  applicable  and  depends  upon  the 
following  principles:  If  the  solution  of  a  magnesium  salt  is  treated 
with  an  alkah  orthophosphate  solution  in  the  presence  of  ammonium 
chloride  and  ammonia,  the  magnesium  is  completely  precipitated 
as  magnesium  ammonium  phosphate,  which  by  ignition  is  changed 
to  magnesium  pyrophosphate: 

2MgNH,P0, = 2NH,+  H3O+  Mg,P,0,. 

According  to  the  method  by  which  the  magnesium  is  precipi- 
tated, the  magnesium  ammonium  phosphate  may  be  obtained  in 
some  cases  contaminated  with  either  small  amounts  of  tribasic 
magnesiimi  phosphate  (MgjPjOg)  or  with  monomagnesium  ammo- 
nium phosphate  (Mg(NH4)4(P04)j).  In  the  first  case  the  Mg,P,0« 
is  unchanged  by  ignition  so  that  the  results  obtained  are  too  low; 
in  the  second  case  the  monomagnesium  ammonium  phosphate  is 
changed  to  magnesium  metaphosphate, 

2Mg(NH,),(P0,),  ^  2Mg(P0,),+  8NH,+  4H,0, 

*  Magnesium  chloride  can  be  changed  to  the  oxide  by  ignition  with  mer- 
curic oxide  in  a  porcelain  evaporating-dish.  Mercu-ic  chloride  and  the  excess 
of  mercuric  oxide  are  volatilized.  In  this  way  magnesiiun  is  often  separated 
from  the  alka  ies.     (Translator.) 
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80  that;  if  only  gentle  ignition  is  employed,  too  high  results  will  ba 
obtained;  whereas  if  the  mixture  is  heated  to  constant  weight 
over  the  blast-lamp,  correct  results  will  be  obtained,  for  at  thia 
temperature  the  metaphosphate  is  changed  to  pyrophosphate  and 
phosphorus  pentoxide,  and  the  latter  is  gradually  volatilized: 

2Mg(P0,),  =  M&PA+PA. 

From  the  experiments  of  H.  Neubauer  *  we  now  know  the  exact 
conditions  under  which  a  precipitate  of  magnesium  ammonium 
phosphate  will  be  contaminated  by  the  above  salts. 

1.  If  the  precipitation  takes  place  in  a  strongly  ammoniacal 
solution,  particularly  when  the  phosphate  solution  is  slowly 
added,  the  precipitate  always  contains  some  tribasic  magnesium 
phosphate. 

2.  If  the  precipitation  takes  place  in  a  neutral  or  slightly  ammo- 
niacal solution  in  the  presence  of  ammoniimi  salts,  and  ammonia 
is  added  afterwards,  the  precipitate  then  always  contains  mono- 
magnesium  ammonium  phosphate  [Mg(NH4)4(P04)2]. 

To  insure  a  pure  precipitate,  the  solution  must  be  neutral,  as> 
free  as  possible  from  ammonium  salts,  and  ammonia  must  be  added 
after  the  addition  of  the  phosphate  solution. 

The  procedure  reconmiended  by  Gibbs,  as  well  as  that  of 
Neubauer,  lead  to  equally  good  results. 

I.  Method  of  W.  Gibbs.f 

The  neutral  {  solution,  as  free  as  possible  from  ammonium  salts,, 
is  treated  at  the  boihng  temperature,  drop  by  drop,  with  a  solution 
of  sodium  ammonium  phosphate  (NaNH4HP04+  4H2O)  (160  gms. 
of  the  salt  dissolved  in  a  liter  of  water)  §  until  no  further  precipi- 
tation takes  place.    Nearly  90  per  cent  of  the  magnesium  present 

*  Cf .  p.  64 

t  Am.  Joum.  Sc  [3]  5.  114 

X  If  the  solution  is  strongly  ammoniacal,  it  should  be  acidified,  evapo- 
rated to  dryness  and  the  anmionium  salts  expelled  by  gentle  ignit'on  The 
residue  is  dissolved  in  a  very  little  dUute  hydrochloric  acid,  the  solutioa 
made  barely  alkaline  ^ith  ammonia  and  then  treated  as  above  described 

§  For  the  precipitation  of  1  gm.  magnesium,  54  c  c  of  this  solution  ar& 
necessary,  and  for  1  gm.  of  MgS04  + 711^0  ^  ^^  ^'^  required 
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is  at  once  precipitated  as  amorphous,  dimagnesium  phosphate 
(MgHPOJ: 

NaNH^HPO^ + MgQ,  =  NaQ + NH,C1  -j-MgHPO^. 
The  solution  is  now  allowed  to  cool,  after  which  about  one- 
third   of  its  volume  of  anmionia  is  slowly  added  with  constant 
stirring,  whereby  the  amorphous  precipitate  is  at  once  changed  to 
the  crystalline  magnesiimi  anmionium  phosphate: 

MgHPO,+  NH, = MgNH,PO,. 

The  10  per  cent,  of  dimagnesiimi  phosphate  which  remained  in 
solution  is  also  completely  precipitated  by  this  procedure  as  mag- 
nesium anmionium  phosphate. 

After  standing  for  two  or  three  hours  the  supernatant  solu- 
tion is  decanted  off  through  a  filter  and  the  precipitate  is  washed 
three  times  by  decantation  with  2\  per  cent,  ammonia,  finally  trans- 
ferred to  the  filter,  washed  completely  with  2\  per  cent,  ammonia 
and  dried  in  the  hot  closet.  The  dried  precipitate  is  transferred  as 
complete  y  as  possible  to  a  weighed  platinum  crucible,  the  filter- 
paper  is  burned  in  a  platinum  spiral  and  the  ash  added  to  the  main 
portion  of  the  precipitate.  The  crucible  is  then  covered  and  heated, 
at  first  gently,  until  the  ammonia  is  all  driven  off  and  then  more 
strongly  and  finally  over  the  blast-lamp  *  imtil  the  mass  becomes 
snow-white.  The  crucible  is  cooled  in  a  desiccator  and  weighed. 
By  means  of  the  ignition  the  magnesium  ammonium  phosphate  is 
changed  into  magnesium  pyrophosphate: 

2MgNH,P0, = 2NH3+  H,0+ Mg,P,0,. 

From  the  weight  p  of  the  latter,  the  amoimt  of  magnesium 
can  be  calculated  according  to  the  equation, 

Mg2PA-2Mg=p:a; 

2Mg 
*-Mg,P,0,  '^' 

The  precipitate  of  MgNH^PO^+OHjO  is  practicaUy  insoluble  in 
2i  per  cent,  ammonia. 

*  It  is  doubtful  whether  it  is  always  advisable  to  heat  this  precipitate  ou 
the  bias-lamp.    Cf.  Hillebrand,  Bull.  176,  U.  S.  Geol.  Survey,  p.  66. 
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2.  Formation  of  Magnesium  Ammonium  Phosphate  by  Double 
Precipitation  According  to  the  Method  of  H.  Neubauer.* 

The  sGghtly  acid  solution  of  the  magnesium  salt  is  treated  with 
an  excess  of  sodium  phosphate,  and  then  one-third  of  the  solu- 
tion's volume  of  10  per  cent,  ammonia  is  added  with  constant  stir- 
ring. After  standing  four  hours  the  solution  is  decanted  through 
a  filter  and  the  precipitate  is  washed  with  a  Uttle  2^  per  cent,  am- 
monia. 

A  little  dilute  hydrochloric  acid  is  now  poured  through  the  filter 
and  allowed  to  run  into  the  beaker  containing  the  magnesiiun  pre- 
cipitate and  the  filter  is  washed  with  water.  Some  ammoniimi 
chloride  is  now  added,  a  few  drops  of  sodium  phosphate  solution, 
then  one-third  of  the  liquid's  volume  of  ammonia,  and  it  is  again 
allowed  to  stand  four  hours.  The  solution  is  poured  through  a 
filter,  the  precipitate  washed  three  times  by  decantation  with  2\ 
per  cent,  ammonia,  transferred  to  the  filter  and  completely  washed 
with  the  dilute  ammonia.  The  dried  precipitate  is  treated  as 
above  described. 

Remark. — In  the  presence  of  ammonium  oxalate,  the  precipi- 
tation of  magnesiiun  according  to  the  above  methods  is  complete, 
but  requires  very  much  more  time.  In  this  case  the  precipitate  is 
filtered  off  after  standing  twenty-four  hours.  It  is  preferable, 
however,  to  expel  the  ammonium  salts  by  ignition. 

Eocample, — MgSO^+THjO.  The  commercial  salt  is  recr3rstal- 
lized  as  described  on  p.  32,  allowed  to  dry  for  twelve  hours  in 
the  air  between  filter-paper,  and  the  magnesium  determined  by 
either  the  method  of  Gibbs  or  of  Neubauer. 

Separation  of  Magnesium  from  the  Alkalies. 

The  methods  of  Gibbs  and  of  Neubauer  serve  to  separate  mag- 
nesium from  the  alkalies  in  those  cases  where  the  determination  of 
magnesium  is  desired. 

If,  however,  it  is  desired  to  separate  magnesiiun  from  the  alka- 
lies in  order  that  the  latter  may  be  determined,  it  is  necessary  to 

*  Zeit.  f.  angew.  Chem.,  1896,  p.  439.  See  also  Gooch,  Zeit.  f.  aaoi^ 
Chem  ,  Bd.  XX,  p.  121 
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precipitate  the  magnesium  as  magnesium  hydroxide  from  a  solu- 
tion free  from  ammonium  salts  by  the  addition  of  barium  hydroxide 
solution.*  The  barium  is  then  removed  by  anunonium  carbonate 
and  the  alkalies  determined  in  the  filtrate.  For  the  detailed  descrip- 
tion of  this  method  see  Silicate  Analysis. 

METALS  OF  GROUP  IV. 

CALCIUM,  STRONTIUM,  BARIUM. 

CALCIUM,  Ca.     At.  Wt.  40. 

Forms:  CaO,  CaCO,,  Ca^Of. 
I.  Determination  as  Calcium  Oxide  (Lime),  CaO. 

For  the  determination  of  calcium  as  CaO  it  is  best  precipi- 
tated as  the  oxalate  and  converted  to  the  oxide  by  strong  ignition. 

Procedure. — The  neutral  or  slightly  aminoniacal  solution 
which  besides  magnesium  and  the  alkalies  should  contain  no  other 
metal,  is  treated  with  ammonium  chloride,  heated  to  boiling,  and 
precipitated  by  the  addition  of  a  boiling  solution  of  ammonium 
oxalate.  After  standing  some  time,  the  precipitate  becomes 
coarsely  crystalline  and  settles  to  the  bottom  of  the  beaker,  when 
a  little  more  ammonium  oxalate  solution  is  added  to  make  sure  that 
the  precipitation  has  been  complete.  It  is  allowed  to  stand  twelve 
hours,  when  the  clear  liquid  is  poured  through  a  filter,  the  pre- 
cipitate is  covered  with  boiling  water,  allowed  to  settle,  filtered, 
and  the  operation  repeated  three  times.  Finally  the  whole  pre- 
cipitate is  transferred  to  the  filter  and  washed  with  hot  water 
imtil  free  from  chloride.  The  precipitate  is  warmed  in  the  hot 
closet  until  nearly  dry,  when  it  is  placed  together  with  the  filter 
in  a  platinum  crucible  and  ignited  wet.  It  should  be  heated 
cautiously  at  first  in  order  that  the  too  rapid  evolution  of  carbonic 
oxide  will  not  cause  loss.  After  the  filter  is  burnt  the  crucible  is 
covered  and  strongly  heated  at  first  over  the  Teclu  burner  and 
finally  over  the  blast/-lamp  for  twenty  minutes. 

The  crucible  while  still  quite  warm  is  placed,  in  the  desiccator 
shown  in  Fig.  7,  near  an  open  weighing-beaker  and  allowed  to  re- 
main there  for  one  hour.  During  the  cooling,  the  air  enters  the 
desiccator,  through  the  U  tube,  whose  outer  half  is  filled  with 

*  Cf.  foot-note  to  page  61. 
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8oda-lime  and  whose  inner  half  contains  calcium  chloride,  in  a  dry 
condition  and  free  from  carbonic  acid  gas.  The  crucible  is  now 
placed  in  the  weighing-beaker,  quickly  covered  and  allowed  to 
stand  for  half  an  hour  in  the  air  near  the  balance,  after  which  it 
is  weighed.  The  crucible  is  again  heated  over  the  blast-lamp  for 
ten  minutes  and  is  cooled  in  exactly  the  same  way  and  weighed. 
Should  the  weight  not  be  found  constant,  the  process  must  be 
repeated.  The  above  directions  when  carefully  followed  usually 
enable  one  to  obtain  a  constant  weight  on  the  second  ignition. 

Example, — Calcite:  0.5  gm.  of  the  finely  powdered  material 
which  has  been  dried  at  100°  is  placed  in  a  300-c.c.  beaker  and 
moistened  with  20  c.c.  of  water.  The  beaker  is  covered  with  a. 
watch-glass,  concentrated  hydrochloric  acid  is  added  drop  by  drop,, 
and  the  liquid  is  finally  heated  imtil  all  is  dissolved.  The  solution 
is  then  boiled  for  fifteen  minutes  to  expel  all  carbon  dioxide,  neutral- 
ized carefully  with  anunonia,  diluted  with  150-200  c.c.  of  hot  water,, 
and  precipitated  with  ammonium  oxalate  as  .above  described. 

Remark, — ^If  both  solutions  are  not  boiling  hot  during  the 
precipitation,  the  calcium  oxalate  forms  very  fiine  crystals;  it 
then  settles  very  slowly  and  passes  readily  through  the  filter. 

Calcium  oxalate  is  almost  insoluble  in  water  and  acetic  acid,, 
but  readily  soluble  in  mineral  acids. 

2.  Determination  of  Calcium  as  Sulphate,  CaSOf. 

This  method  is  chiefly  used  for  the  analysis  of  calcium  salts 
of  organic  acids.  For  this  purpose  the  calcium  salt  is  ignited  ia 
a  weighed  platinum  crucible,  after  which  the  crucible  is  covered 
with  a  watch-glass,  carefully  treated  with  dilute  sulphuric  acid 
and  warmed  upon  the  water-bath  until  there  is  no  longer  any 
evolution  of  carbon  dioxide.  The  imder  side  of  the  watch-glasa 
is  carefully  washed  and  the  liquid  evaporated  as  far  as  possible 
on  the  bath.  The  excess  of  sulphuric  acid  is  then  carefully  driven 
off  by  inclining  the  crucible  and  heating  over  the  free  flame  (or 
in  an  air-bath)  (cf.  Fig.  11,  p.  25).  The  residue  is  gently  ignited 
and  weighed.    By  strong  ignition,  calcium  sulphate  loses  SOj.* 

*  0.2052  gm.  CaSO^  remained  unchanged  in  weight  after  heating  for  one 
houn  to  dark  redness;  but  on  heating  with  the  full  flame  of  a  Teclu  burner, 
it  lost  0.0004  gm.  in  weight.  On  heating  for  one  ho\ir  over  the  blast  lamp 
it  lost  0.0001  gm.     (J.  Weber.) 
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Calcium  may  also  be  precipitated  as  calcium  sulphate.  The 
solution,  which  should  contain  as  little  free  acid  as  possible,  is 
treated  with  an  excess  of  dilute  sulphuric  acid,  four  volumes  of 
alcohol  are  added,  and  the  mixture  is  allowed  to  stand  12  hours. 
It  is  then  filtered  off,  washed  with  70  per  cent,  alcohol,  dried, 
separated  from  the  filter  as  completely  as  possible,  the  filter  burned 
in  a  platinum  spiral,  and  the  ash  added  to  the  main  part  of  the 
precipitate  in  a  platinum  crucible,  gently  ignited  and  weighed. 

3.  Determination  of  Calcium  as  Carbonate,  CaCO,. 

Only  in  rare  cases  is  calcium  precipitated  as  carbonate  by 
ammonium  carbonate  in  the  presence  of  ammonia.  The  filtered 
and  washed  precipitate  is  gently  ignited  and  weighed  as  carbonate. 
After  weighing  it  is  necessary  to  moisten  the  residue  with  a 
little  ammonium  carbonate  solution,  evaporate  to  dryness  on 
the  water-bath,  and  again  ignite  gently.  This  is  done  in  order  to 
change  small  amounts  of  calcium  oxide,  which  may  have  been 
formed  during  the  burning  of  the  filter-paper,  back  to  carbonate. 

In  the  presence  of  considerable  ammoniimi  chloride  the  pre- 
cipitation of  calcium  by  means  of  ammoniimi  carbonate  is  not 
quite  complete,  whereas  the  precipitation  with  ammonium  oxalate 
always  is.  Consequently  it  is  advisable  in  all  cases  to  precipitate 
the  calcium  as  oxalate  and  weigh  it  as  the  oxide. 

Strontium,  Sr.    At.  Wt.  87.6. 

Forms:  SrSO,,  SiCO,,  SrO. 

The  determination  as  the  sulphate  is  the  most  accurate. 

Determination  of  Strontium  as  Sulphate,  SjSO^. 

Procedure. — ^To  the  neutral  solution  containing  strontium,  a 
considerable  excess  of  dilute  sulphuric  acid  is  added  and  as  much 
alcohol  as  there  is  volume  of  solution.  After  stirring  well,  the 
mixture  is  allowed  to  stand  twelve  hours,  filtered  and  washed  at 
first  with  50  per  cent,  alcohol,  to  which  a  little  sulphuric  acid  has 
been  added,  and  finally  with  pure  alcohol  until  the  wash  water 
no  longer  gives  the  sulphuric  acid  reaction.    The  precipitate  i& 


68  GRAVIMETRIC  ANALYSIS, 

dried  and  ignited  as  described  under  the  determination  of  cal- 
cium as  sulphate. 

Solubility  of  Strontium  Svlphale  according  to  Fresenius. 

6895  parts  of  water  at  the  ordinary  temperature  (17-20°)  dis- 
solve 1  part  of  SrS04. 

9638  parts  of  boiling  water  dissolve  1  part  SrS04. 

The  sulphate  is  less  soluble  in  water  containing  sulphuric  acid: 

12,000  parts  of  water  containing  sulphuric  acid  dissolves  1  part 

In  cold,  dilute  hydrochloric  or  nitric  acid,  strontium  sulphate  is 
considerably  more  soluble,  and  also  in  solutions  containing  acetic 
acid,  magnesimn  chloride,  or  alkali  chloride. 

If,  therefore,  considerable  free  acid  is  present,  it  should  be 
removed  by  evaporating  the  solution  to  dryness  and  dissolving 
the  residue  in  water.  The  strontium  is  then  precipitated  as  above 
described. 

Determination  of  Strontium  as  Oxide,  SrO. 

The  strontium  is  precipitated  as  carbonate,  or  in  some  cases 
as  oxalate,  and  changed  by  ignition  to  the  oxide  as  described 
under  calcium. 

Solubility  of  Strontium  Carbonate  in  Water  according  to  Fresenius. 

18,045  parts  of  water  dissolve  at  ordinary  temperatures  1  part  of 
SiCO,. 

In  water  containing  ammonium  carbonate  the  salt  is  much 
less  soluble,  while  ammonium  chloride  and  ammonium  nitrate 
increase  its  solubility. 

In  case  calcium,  strontium,  magnesiimi  and  alkali  salts  are 
present  together,  as  in  minerals  and  in  mineral  waters,  the  calcium 
and  strontium  are  both  precipitated  as  oxalates  and  transformed 
by  ignition  into  the  oxides.    Cf.  p.  72. 

Solubility  of  Strontium  Oxalate  in  Water. 

12,000  parts  of  water  at  ordinary  temperatures  dissolve  1  part 
of  SrCj04+2iH,0. 
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The  solubility  is  very  much  less  in  water  containing  ammonium- 
oxalate. 

BARIUM,  Ba.     At.  Wt.  137.40. 

Forms:  BaSO^  BaCrO^,  BaCO,. 

I.  Detenmnation  as  Barium  Sulphate. 

The  solution,  slightly  acid  with  hydrochloric  acid,  is  heated  to 
boiling  and  precipitated  by  the  addition  of  an  excess  of  hot,  dilute 
sulphuric  acid.  It  is  allowed  to  stand  on  the  water-bath  until  the 
precipitate  has  settled,  the  solution  is  then  poured  through  a  filter, 
and  the  precipitate  is  washed  four  times  with  50  c.c.  of  water  to 
which  a  few  drops  of  sulphuric  acid  have  been  added.  The  pre- 
cipitate is  transferred  to  the  filter  and  washed  with  hot  water 
until  the  wash  water  ceases  to  give  the  sulphuric  acid  reaction. 
It  is  then  dried  somewhat,  ignited  wet  in  a  platinum  crucible,  and 
weighed  without  previous  heating  over  the  blast-lamp. 

Remark. — ^Ry  the  combustion  of  the  filter-paper  there  is  always 
a  partial  reduction  of  the  barium  sulphate  to  sulphide,  but  the 
latter,  on  being  gently  ignited  in  an  inclined  crucible,  is  readily 
changed  back  to  sulphate,  so  that  there  is  no  loss  to  be  feared. 

The  procedure  for  the  determination  of  barium  as  carbonate  is 
the  same  as  was  described  under  calcium. 

Solyhility  of  Barium  Svlphaie  in  Water, — 833,000  parts  of  water 
dissolve  1  part  of  RaSO^. 

2.  Determination  of  Barium  as  Chromate. 

The  neutral  solution  of  the  barium  salt  is  diluted  to  about  200 
c.c,  treated  with  4-6  drops  of  acetic  acid  (sp.  gr.  1.065),  heated  to 
boiling,  precipitated  with  a  slight  excess  of  ammonium  chromate 
(prepared  by  adding  ammonia  to  a  solution  of  ammonium  bichro- 
mate free  from  sulphate,  until  the  color  becomes  yellow),  and 
allowed  to  cool.  The  precipitate  is  filtered  off  through  a  Gooch 
crucible  and  washed  with  hot  water  until  20  drops  of  the  filtrate 
give  scarcely  any  reddish-brown  coloration  with  a  neutral  solution 
of  silver  nitrate.  The  precipitate  is  dried  in  the  hot  closet,  after 
which  the  crucible  is  fastened  to  a  larger  porcelain  crucible  by 
means  of  an  asbestos  ring,  so  that  there  remains  a  space  of  about 


7©  GRAVIMETRIC  ANALYSIS, 

i  cm.  between  the  two  crucibles  (cf.  p.  25),  and  the  open  crucible 
is  ignited  over  the  free  flame  until  the  precipitate  becomes  a  bright 
yellow.* 

Solvbility  of  Barium  Chromate.1[ 

86,957  parts  of  water  at  ordinary  temperatures  dissolve  1  part  BaCiO^. 

23,000    "      "  boiling  water  dissolve  1  part  BaCrO^. 

49,381]  "      **  a  0.75  per  cent,  ammonium  acetate  solution  (at  15^  dissolve 

1  part  BaCrO,. 
45,152  parts  of  a  0.5  per  cent,  ammonium  nitrate  solution  (at  14*^  dissolve 

1  part  BaCrO^. 
23,555  parts  of  a  1.5  per  cent,  ammonium  acetate  solution  (at  15°)  dissolve 

1  part  BaCrO^. 
22,988  parts  of  0.5  per  cent,  ammonium  nitrate  solution  dissolve  1  part 

BaCrO,. 
3,670  parts  of    1  per  cent,  acetic  acid  solution  dissolve  1  part  BaCrO^. 
2  618     "      "     5    **       '*  **         "  "  "  1     "         " 

1,986     "      "  10   "      "  "        "  "  "         1     "         " 

1,813     "      "  10  "      "      chromic  acid  solution  dissolve  1  part  BaCrO^. 

The  solubility  of  barium  chromate,  therefore,  increases  con- 
siderably with  increasing  concentratioas  of  either  acetic  or  chromic 
acids;  the  solubility  is  affected  to  a  much  less  degree  by  solutions 
containing  neutral  ammonium  salts.  By  the  additions  of  small 
amounts  of  neutral  ammonium  chromate  the  solubility  becomes 
lessened  to  nearly  zero. 

Separation  of  the  Alkaline  Earths  from  Magnesltjm  and 

FROM  THE  Alkalies. 

I.  Separation  of  Calcium  from  Magnesium  (and  Alkalies). 

The  separation  depends  upon  the  different  solubilities  of  the 
two  oxalates.  Calcium  oxalate  is  practically  insoluble  in  hot 
water,  whereas  magnesium  oxalate  is  relatively  soluble. 

1500  parts  of  cold  water  dissolve  1  part  of  MgC304+2H20. 

1300  parts  of  boiling  water  dissolve  1  part  of  MgC204+2HjjO. 

*  Oftentimes  small  amounts  of  the  precipitate  are  reduced  to  chromic 
oxide  by  traces  of  organic  matter,  whereby  it  appears  slightly  greenLsh. 
By  long-continued  ignition  in  an  open  crucible,  the  chromic  oxide  is  changed 
back  to  chromate,  when  the  precipitate  appears  a  homogeneous  yellow 
throughout. 

t  P.  Schweizer,  2ieit.  f.  anal.  Chem.,  1890,  p.  414,  and  R.  Fresenius,  2ieit.f. 
anal.  Chem.,  1890,  p.  418. 
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Magnesium  oxalate  is,  however,  much  more  soluble  in  water 
containing  an  excess  of  ammonium  oxalate,  owing  to  the  formation 
of  complex  salts. 

From  this  is  derived  the  following  rule:  The  separation  mvst 
iake  place  in  a  very  dUute  aolntion  and  in  the  presence  of  an  excess 
4>f  ammonium  oxaiaie. 

If,  however,  the  amount  of  magnesium  present  is  large,  a  single 
precipitation  of  the  calcium  does  not  insure  a  complete  separation, 
but  a  double  precipitation  is  necessary. 

1.  Procedure  in  the  Presence  of  LitUe  Magnesium. — ^The  solu- 
tion, which  should  contain  about  1  gm.  of  CaO  but  less  than  0.01 
:gm.  of  MgO,  is  treated  with  20  c.c.  of  ammonium  chloride  solution 
(in  case  it  is  not  already  present)  diluted  to  a  volume  of  350-400 
c.c,  heated  to  boiling  and  precipitated  with  a  considerable  excess 
of  boiling  ammonium  oxalate  solution.  After  standing  twelve 
hours,  the  precipitate  of  calcium  oxalate  is  filtered  off,  washed,  and 
ignited,  as  described  on  p.  65.  In  order  to  determine  the  mag- 
nesium in  the  filtrate,  it  is  evaporated  to  dryness  (in  either  a 
platinimi  or  porcelain  dish),  the  ammonium  salts  are  removed  by 
gentle  ignition,  the  residue  is  warmed  for  some  time  on  the  water- 
bath  with  a  little  hydrochloric  acid,  and  the  carbonaceous  residue 
is  filtered  off.  The  magnesium  is  then  precipitated  as  magnesiimi 
ammonium  phosphate  and  weighed  as  magnesium  pyrophosphate 
according  to  the  directions  on  p.  62.* 

*  Remark. — It  may  not  be  superfluous  to  imagine  a  mistake  here  which 
Is  often  made  by  beginners  If  an  insufficient  amount  of  anunonium  oxa- 
late was  added,  the  filtrate  will  contain  calcium  as  well  as  magnesiimi,  and 
both  will  be  precipitated  together  on  the  addition  of  sodiiun  ammonium 
phosphate  and  ammonia,  but  on  account  of  the  amorphous  consistency  of 
the  calcium  phosphate  its  presence  is  usually  noticeable.  In  order  to  sepa- 
rate out  the  calcium  from  the  mixture  of  the  two  phosphates,  the  precipi- 
tate (after  having  stood  twelve  hours)  is  filtered,  washed,  and  dissolved  in 
as  little  hydrochloric  acid  as  possible,  after  which  ammonia  is  added  until 
the  solution  is  alkaline.  The  solution  is  then  strongly  acidified  with  acetic 
acid,  heated  to  boiling,  and  the  calcium  precipitated  by  means  of  a  boiling 
solution  of  ammonium  oxalate.  After  standing  twelve  hours,  the  calcium 
oxalate  is  filtered  off,  washed  with  hot,  dilute  acetic  acid,  ignited  wet,  and 
weighed  as  the  oxide.  The  filtrate  is  evaporated  to  dryness,  the  anmionium 
salts  again  expelled,  the  residue  dissolved  in  a  little  dilute  hydrochloric 
acid,  and  the  magnesium  precipitated  in  the  usual  way. 
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2.  Procedure  in  the  Presence  of  Large  Amounts  of  Magnesium. — 
The  first  precipitation  of  the  calcium  is  performed  as  just  described. 
After  standing  twelve  hours,  the  clear  supernatant  liquid  is  poured 
through  a  filter,  the  residue  is  washed  four  times  by  decantation 
with  100  c.c.  of  hot  water,  the  beaker  containing  the  precipitate  is 
then  placed  imder  the  funnel,  and  the  small  amoimt  of  calcimn 
oxalate  on  the  filter  is  removed  by  first  filling  the  f  urmel  with  hot, 
(fistilled  water  and  then  pouring  on  the  filter  some  concentrated 
hydrochloric  acid  (if  the  hydrochloric  acid  were  added  first,  the  filter- 
paper  would  be  destroyed),  and  then  finally  washing  thoroughly  with 
hot  water.  The  solution  which  is  usually  turbid  is  heated  to  boilings 
adding,  if  necessary,  more  of  the  acid  to  effect  complete  solution. 
The  clear  solution  is  treated  with  2-3  c.c.  of  anunonium  oxalate 
solution,  and  ammonia  is  added  in  slight  excess,  and  after  being 
allowed  to  stand  for  twelve  hours  the  calcium  oxalate  is  filtered  off, 
washed,  and  converted  to  oxide  by  ignition. 

The  two  filtrates  are  combined  and  treated  as  described  under 
1  for  the  magnesium  determination. 

n.  Separation  of  Strontium  from  Magnesium. 

This  separation  finds  practical  application  in  the  analysis  of 
almost  all  mineral  waters  and  of  minerals  containing  strontium. 
In  all  of  these  cases,  however,  strontium  occurs  in  relatively  small 
amounts  in  the  presence  of  large  amounts  of  calcium  and  varying 
amounts  of  magnesium,  so  that  it  is  a  question,  first,  of  separating 
calcium  and  strontium  from  magnesium.  This  separation  is 
effected  by  the  precipitation  of  the  calcium  and  strontium  as 
oxalates  as  described  on  pp.  65  and  68. 

The  filtrate  containing  magnesium  may  also  contain  traces  of 
strontium;  hence,  after  the  removal  of  the  ammonium  salts  by 
ignition,  the  residue  is  dissolved  in  hydrochloric  acid,  sulphuric 
acid  and  alcohol  are  added,  and  the  solution  is  allowed  to  stand 
for  twelve  hours.  Any  resulting  precipitate,  consisting  of  stron- 
tium or  bariimi  sulphate,  is  filtered  off  and  weighed.  From  this 
filtrate  the  magnesium  is  precipitated  as  magnesium  ammonium 
phosphate  as  described  on  p.  62,  and  weighed  as  the  pyrophos- 
phate. 
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m.  Separation  of  Barium  from  Magnesium. 

In  case  it  is  desired  to  separate  only  barium  from  magnesium, 
the  solution  (which  must  be  free  from  nitric  acid)  is  acidified 
with  hydrochloric  acid,  heated  to  boiling,  and  the  bariimi  precipi- 
tated by  the  addition  of  boiling,  dilute  sulphuric  acid  (cf.  p.  69). 
The  magnesium  is  precipitated  from  the  filtrate  as  magnesium 
ammonimn  phosphate  in  the  usual  way.  In  most  cases,  however, 
a  separation  of  barium,  strontiiun,  and  calciiun  from  the  magnesium 
is  involved.  For  this  purpose  the  three  alkaline  earths  are  pre- 
cipitated as  oxalates,  and  any  barium  or  strontium  remaining  in 
the  filtrate  is  precipitated  as  described  under  U.  The  magnesium 
is  determined  in  the  final  filtrate. 

IV.  Separation  of  the  Alkaline  Earths  from  One  Another. 

Principle, — ^The  mixture  of  the  dry  nitrates  is  treated  with 
ether-alcohol,  which  dissolves  calcimn  nitrate  alone.  The  residue 
is  taken  up  in  water,  the  barium  is  precipitated  as  chromate,  and 
the  strontiiun  is  determined  in  the  filtrate  as  sulphate. 

PROCEDURE. 

(a)  Separation  of  Calcium  from  Strontium  and  Barium  accord- 
ing to  Rose-Stromeyer-Fresenius. 

The  three  metals  are  assumed  to  be  present  together  in  solution 
in  the  form  of  their  nitrates.  The  solution  is  evaporated  in  a 
smaU  Erlenmeyer  flask,  as  described  under  lithium,  p.  51,  in  an 
oil-bath,  meanwhile  passing  a  stream  of  dry,  warm  air  through  the 
flask.  When  all  the  water  is  evaporated,  the  temperature  of  the 
bath  is  raised  to  140°  C.  and  maintained  at  this  temperature  for 
one  to  two  hours,  still  passing  the  current  of  warm  air  through 
the  flask.  After  cooling,  the  dry  residue  is  treated  with  ten  times 
its  weight  of  absolute  alcohol,  corked  up,  and  allowed  to  stand 
with  frequent  shaking  for  one  to  two  hours.  An  equal  volume 
of  ether  is  now  added,  the  flask  closed,  shaken,  and  again  allowed 
to  stand  twelve  hours.  It  is  then  filtered  through  a  filter  moist- 
ened with  ether-alcohol  and  washed  with  ether-alcohol  until  a  few 
drops  of  the  filtrate  evaporated  on  platinum-foil  leave  no  residue. 
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The  filtrate  is  evaporated  to  dryness  in  a  Inkewaim  water-bath^ 
the  calcium  nitrate  is^'dissolved  in  water,  precipitated  as  the  oxalate, 
and  after  ignition  is  weighed  as  the  oxide. 

Remark. — ^In  case  only  a  small  amoimt  of  calcium  is  present 
(not  more  than  about  0.5  gm.)  the  above  separation  is  complete. 
With  large  amounts  of  calcium,  the  residue  of  strontium  and 
barium  nitrates  almost  always  contains  some  calcium.  In  this 
case  the  aqueous  solution  is  again  evaporated  to  dryness  in  the 
same  way  as  before  and  the  treatment  with  alcohol  and  ether  re- 
peated.    The  calcium  is  then  determined  in  the  combined  filtrates. 

This  separation  fiinds  application  in  the  analysis  of  most  min- 
eral waters. 

(b)  Separation  of  Barium  from  Strontium  according  to 

Fresenius. 

Bequirernenis. — 1,  A  solution  of  (NHJjCrO^  (1  c.c.  of  the  solu- 
tion should  contain  0.1  gm.  of  the  salt).  The  solution  is 
prepared  by  adding  ammonia  to  a  solution  of  ammonium 
bichromate  (free  from  sulphate)  until  the  color  of  the  solution 
becomes  yellow;  The  solution  should  be  left  acid  rather  than 
alkaline. 

2.  A  solution  of  jsimmoniimi  acetate  (1  c.c.  containing  0.31  gm. 
of  the  salt). 

3.  Acetic  acid  of  sp.  gr.  1.065. 

4.  Nitric  acid  of  sp.  gr.  1.20. 

Procedure. — ^The  residue,  consisting  of  strontium  and  barium 
nitrates,  is  dissolved  in  a  little  water  and  diluted  imtil  the  concen- 
tration corresponds  to  300  c.c.  of  solution  for  every  gram  of  the 
salt  mixture.  The  solution  is  heated  to  boiling,  six  drops  of  acetic 
acid  and  about  10  c.c.  of  ammonium  chromate  solution  are  added 
(this  should  be  an  excess  over  the  theoretical  amount  necessary) 
and  allowed  to  stand  one  hour.  The  precipitate  of  barium  chromate 
is  washed  by  decantation  with  water  containing  ammonium  chro- 
mate until  the  wash  water  no  longer  gives  a  precipitate  with  ammo- 
nia and  ammonimn  carbonate;  it  is  then  washed  with  pure  hot 
water  until  the  last  washing  gives  only  a  slight  reddish-brown 
coloration  with  neutral  silver  nitrate  solution.  The  precipitate 
on  the  filter  still  contains  a  little  strontium.    It  is  carefully  washed 
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back  into  the  vessel  in  which  the  precipitation  took  place,  while 
.any  precipitate  remaining  on  the  filter  is  dissolved  in  a  little  warm 
dilute  nitric  acid  and  washed  into  the  dish,  finally  adding  enough 
nitric  acid  to  the  precipitate  so  that  it  dissolves  completely  on 
wanning  (about  2  c.c.  of  nitric  acid  being  usually  necessary).  The 
solution  is  then  diluted  to  200  c.c,  heated  to  boiling,  treated  with 
h  c.c.  of  ammonium  acetate  solution,  added  little  by  little,  and 
finally  with  enough  ammonium  chromate  to  cause  the  disappear- 
ance of  the  odor  of  acetic  acid  from  the  solution  (usually  about 
10  c.c.  are  necessary).  After  standing  one  hour  the  liquid  is 
poured  through  a  Gooch  crucible,  the  residue  is  treated  in  the  dish 
with  hot  water,  allowed  to  cool,  then  filtered  and  washed  with  cold 
water  until  the  filtrate  gives  only  a  slight  opalescence  with  neutral 
silver  nitrate.  The  precipitate  is  dried,  ignited  gently  in  an  air- 
bath  (cf.  p.  69),  and  weighed. 

The  results  obtained  according  to  this  method  are  veiy  satis- 
factory. Experiments  performed  in  this  laboratory*  completely 
confirm  the  results  obtained  by  Fresenius. 

Remark. — In  the  opinion  of  the  author,  all  other  methods  for 
the  separation  of  the  alkaline  earths  give  incorrect  results;  for 
that  reason  they  will  not  be  discussed  in  this  book. 

METALS   OF   GROUP  IH. 

ALUMINIUM,  CHROMIUM,  TITANIUM,  IRON,  URANIUM,  NICKEL, 

COBALT,    ZINC,    AND    MANGANESE. 

A.     DIVISION  OF  THE  SESQUIOXIDES. 

ALUMINIUM,  CHROMIUM,  IRON,  AND  TITANIUM. 

ALUMINIUM,  Al.     At.  Wt.  27.1. 

Fonn:  Al^O,. 

In  order  to  determine  aluminium  in  this  form,  the  metal  is  pre- 
cipitated as  its  hydroxide  and  converted  to  its  oxide  by  ignition 
of  the  precipitate. 


*  The  results  of  seven  experiments  gave  (a)  for  the  percentage  of  barium 
chromate  obtained:  99.9,  99.9,  100.3,  100.4,  100.7,  100.6;  mean,  100.3  per 
cent.;  (6)  for  strontium  sulphate,  100.9,  99.73,  99.86,  99.84,  99.47,  99.77, 
^.6;  mean,  99.75  per  cent.     (H.  Schmidt.) 
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It  must  not  be  forgotten,  however,  that  aluminium  hydroxide 
exists  in  a  soluble  fonn  (hydrosol)  and  in  an  insoluble  form  (hydro- 
gel)  ;  and  further  that  the  hydrosol  is  not  completely  changed  by 
boiling  into  insoluble  hydrogel.  To  accomplish  this  the  presence  of 
salts  in  solution  (preferably  ammonium  salts)  is  also  necessar>% 
Since,  however,  ammonium  salts  become  acid  on  long  boiling  (due 
to  the  escape  of  ammonia)  there  is  danger  of  the  aluminium  hy- 
droxide being  redissolved .  Furthermore,  it  is  true  that  the  hydrogel 
gradually  changes  over  into  hydrosol  by  standing  in  a  solution 
containing  only  a  small  amount  of  dissolved  salts,  or  by  remaining 
in  a  hot  solution  containing  only  a  small  amount  of  dissolved 
salts. 

From  these  facts  the  following  procedure  is  derived: 

The  solution  containing  the  aluminium  (but  no  phosphoric 
acid,  or  anything  but  aluminium  that  is  precipitated  by  ammonia) 
is  treated  with  considerable  ammonium  chloride,  or  ammonium 
nitrate,  heated  to  boiling  in  a  platinum  or  porcelain  vessel,  and 
a  slight  excess  of  ammonia  is  added.  The  precipitate  is  allowed  to 
settle,  after  which  the  clear  solution  is  poured  through  a  filter 
which  rests  on  a  platinum  cone,  but  without  applying  suction. 
The  precipitate  is  washed  three  times  by  decantation  with  hot  water 
to  which  a  drop  of  ammonia  and  a  little  ammonium  nitrate  has  been 
added,  and  finaUy  transferred  to  the  filter.  The  precipitate  is 
now  washed  as  quickly  as  possible  with  the  hot  wash  liquid 
(so  that  the  precipitate  is  thoroughly  churned  up  each  time) 
until  the  filtrate  ceases  to  give  a  test  for  chlorine.  The  pre- 
cipitate is  then  dried  as  completely  as  possible  by  the  applica- 
tion of  suction  and  ignited  wet  in  a  platinum  crucible.  After  the 
precipitate  and  ash  have  become  white,  the  covered  crucible  is 
heated  over  the  blast-lamp  for  about  ten  minutes,  cooled  in  a  desic- 
cator and  weighed.  The  process  is  repeated  until  a  constant 
weight  is  obtained. 

Example:  Alum. 

If  the  solution  contains  only  aluminium  in  the  form  of  its  chlo- 
ride, nitrate,  or  sulphate,  it  can  be  determined  by  evaporating  the 
solution  in  a  platinum  crucible  on  the  water-bath  with  the  addi- 
tion of  a  little  sulphuric  acid,  the  excess  of  the  latter  being  finally 
removed  by  cautious  heating  over  the  free  flame  in  an  inclined 
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crucible.     The  residue  of  aluituniuin  sulphate  is  then  changed  by 
strong  ignition  over  the  blast-lamp  to  the  oxide. 

In  the  case  of  organic  salts  of  ot^ganic  acids,  the  oxide  is  readily 
obtained  by  careful  ignition  of  the  salt  in  a  platinum  crucible. 

IROH,  Fe.     At.  Wt.  56. 
Forms:  Ferric  Oxide,  FCiO,,  and  metallic  Iron. 

Determination  as  Fe,0,. 
This  is  the  form  chiefly  used  for  the  gravimetric  determination 
of  iron.  The  solution  containing  the  ferric  salt  in  the  presence 
of  ammonium  chloride  is  heated  to  about  < 
70"  C.  in  a  porcelain  dish  or  Jena  beaker 
and  precipitated  by  means  of  a  slight  excess 
of  ammonia.  The  precipitate  is  washed  by 
decantation  with  hot  water  and  finally  with 
a  strong  stream  of  hot  water  from  the  wash- 
bottle.*  It  is  ignited  gradually  at  first  in 
a  covered  platinum  crucible  and  finally  in 
the  half-covered  crucible  over  the  Teclu 
bumer.t  The  ferric  oxide  obtained  varies 
in  its  appearance  according  to  the  tempera- 
ture to  which  it  has  been  heated.  Gently 
ignited  ferric  oxide  is  reddish  brown,  whereas 
when  strongly  ignited  it  has  almost  the 
appearance  of  graphite.  Both  forms  are 
difficultly  soluble  in  dilute  hydrochloric 
acid,  but  can  be  readily  dissolved  by  digest- 
ing with  concentrated  hydrochloric  aci<l  on  the  water-bath. 


FiQ.  26. 


*  For  this  purpose  a  wash-bottle  such  as  is  shon-n  in  Fig.  25  is  useful. 
By  blowing  through  the  long  arm  of  the  U  tube  (which  is  provided  with  a 
Bunsci)  valve)  and  placing  the  thumb  over  the  short  arm  a  continuous 
stream  at  water  is  maiutained  which  can  he  slopped  at  any  time  by  removing 
the  thumb. 

t  It  is  not  adviflable  to  heat  over  the  blast  on  account  of  the  danger 
of  fonning  some  Fe|0,. 
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If  the  iron  is  in  solution  ^her  as  the  ferrous  or  ferric  salt  of  & 
volatile  acid,  it  can  be  readily  converted  into  ferric  oxide  by  evapo- 
ration with  sulphuric  acid  and  ignition  of  the  residue. 

a.  Determination  as  Metallic  Iron. 

Iron  may  be  determined  by  electrol3rsis,  but  this  method  offers 
no  advantages  over  the  gravimetric  method  just  described  or  the 
foUowing  volumetric  process,  so  that  it  will  not  be  discussed  in  this, 
book. 

In  the  case  of  the  analysis  of  oxide  iron  ores  or  of  mixtures  of 
considerable  iron  oxide  with  comparatively  little  alumina,  titanium 
dioxide,  or  silica,  the  following  method  is  accurate  and  rapid. 

The  thoroughly  ignited  substance  contained  in  a  porcelain 
boat  is  introduced  into  a  tube  of  difficultly  fusible  glass  and  heated 
to  redness  in  a  stream  of  dry  hydrogen  until  no  more  drops  of 
water  condense  on  the  cool  front  end  of  the  tube.  By  this  meana 
the  ferric  oxide  is  reduced  to  metalUc  iron: 

Fe,03+  3H, = 3H,0+ Fe,. 

After  cooling  in  the  stream  of  hydrogen,  the  boat  and  its  contents 
are  again  weighed.  The  loss  in  weight  p  represents  the  amount 
of  oxygen  originally  combined  with  the  iron,  from  which  the  amount 
of  iron  can  be  calculated: 

30:Fe,=p:x 
Fe, 

The  result  may  be  confirmed  by  passing  the  aqueous  vapor 
through  a  calcium-chloride  tube  and  determining  the  gain  in  weight 
of  the  tube.  From  the  weight  of  water  involved  p  the  amount 
of  iron  may  be  calculated: 

3HjO:Fej=p:a; 
Fcj 
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It  is  still  more  accurate  to  dissolve  the  metallic  iron  produced 
in  dilute  sulphuric  acid  out  of  contact  with  the  air  and  determining 
the  amount  present  volumetrically  by  titrating  with  potassium 
permanganate  solution. 

*  * 

3.  Volumetric  Determination  of  Iron,  according  to  Margueritte.'i' 

Although  the  volumetric  methods  are  discussed  in  the  second 
part  of  this  book,  this  determination  is  so  important  and  is  so. 
often  used  to  test  the  purity  of  the  iron  oxide  produced  by  a  gravi- 
metric analysis  that  it  seems  proper  to  discuss  it  at  this  place. 

Principle  of  the  Method.^ 

Ferrous  salts  are  oxidized  by  potassium  permanganate  in  acid 
solution  to  ferric  salts: 

2KMn04+  10FeSO4+8HjSO4 = KaSO^H-  2MnS04+8H,0+5Fe2(S04),. 

If,  therefore,  a  potassium  permanganate  solution  of  known 
strength  is  slowly  added  to  the  solution  of  a  ferrous  salt,  it  will 
be  decolorized  as  long  as  there  remains  ferrous  salt  to  react  with 
it.  As  soon  as  all  of  the  ferrous  salt  has  been  oxidized,  the  next 
drop  of  the  permanganate  will  impart  a  permanent  pink  color  to 
the  solution,  whereby  the  end-paint  of  the  reaction  is  determined. 

Preparation  and  Standardization  of  the  Permanganate  Solution. 

In  most  cases  a  ^  normal  solution  of  potassium  permanganate 
is  suitable,  i.e.  one  which  contains  in  one  liter  enough  oxygen  to 
oxidize  -jV  ^^  *  gram-atom  of  hydrogen  (LOl  gm.  of  hydrogen). 

Potassium  permanganate  in  acid  solution  reacts  according 
to  the  equation 

K,0,  MnjOy = K,0+  2MnO+ 50, 

'^ , > 

2KMnO, 

so  that  from  two  molecules  of  permanganate  five  atoms  of  oxygen 
(=10  atoms  of. hydrogen)  are  available,  thus: 

*  Ann.  de  chim.  et  de  phys.  [3],  18*  (1846),  p.  244. 
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2iafaO,_j^a_15|15^3^g3  ^   KMnO,=i  gm.-atom  of 

oxygen  =1  gm.-atom  of  hydrogen. 

Consequently  it  is  necessary  to  take  3V  ^^  ^  gram-molecule  of 
potassium  permanganate  (3.163  gms.)  for  a  liter  oC  ^V  normal  solu- 
tion. 

Although  it  is  possible  to  purchase  very  pure  potassium  per- 
manganate, it  is  not  advisable  to  take  the  trouble  of  weighing 
out  just  this  amount  of  the  substance  and  dissolving  it  in  exactly 
the  right  amoimt  of  water,  for  although  we  might  in  this  way  obtain 
the  correct  strength  of  solution,  yet  on  the  following  day  its  value 
would  be  different,  for  the  distilled  water  in  which  the  perman- 
ganate is  dissolved  almost  always  contains  traces  of  organic  matter 
oxidizable  by  the  permanganate.  Consequently  we  weigh  out 
on  a  watch-glass  approximately  the  right  amount  of  permanganate 
3.1-3.2  gms.),  dissolve  it  in  a  liter  of  water,  and  allow  it  to  stand 
eight  to  fourteen  days  *  before  using  it.  After  this  time  all  of  the 
oxidizable  matter  in  the  water  will  have  been  completely  destroyed. 
The  solution  is  now  ready  to  be  standardized. 

Standardization  of  the  Potassium  Permanganate  Solution, 

It  is  possible  to  standardize  the  solution  by  a  number  of  differ- 
ent methods,  as  will  be  discussed  in  detail  under  volumetric  analysis. 
In  this  case  we  are  concerned  with  the  determination  of  iron  onlv. 
so  that  the  most  natural  way  for  us  to  standardize  the  solution  will 
be  by  means  of  chemically  pure  iron.  An  accurately  weighed  por- 
tion of  iron  is  dissolved  in  dilute  sulphuric  acid  out  of  contact  with 
the  air  and  permanganate  solution  is  added  from  a  glass-stoppered 
burette  until  the  solution  remains  pink  for  one-half  minute  after 
thoroughly  stirring  or  shaking. 

If  for  the  oxidation  of  a  grams  of  iron  t  cubic  centimeters  of  the 
permanganate  solution  were  necessary,  then 

1  c.c.  =  —  gm.  iron. 

*  The  same  end  may  be  accomplished  by  heating  the  strong  KMnO*  solu- 
tion, filtering  through  astx^stos  and  diluting.  Cf.  Morse,  Hopkins,  and 
Walker,  Am.  Chem.  Jour.,  18  (1896),  p.  401. 
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The  value  y  represents  the  titration  value  of  the  solution. 

The  chief  difficulty  in  the  above  standardization  is  in  obtaijiing 
chemically  pure  iron.  Such  an  iron  cannot  be  found  commercially. 
The  purest  iron  wire  that  can  be  bought  contains  99.6-99.9  pef. 
cent.  Fe,  and  formerly  such  an  iron  was  used,  assuming  a.  meai| 
value  of  99.7  per  cent,  for  the  calculation  of  the  analysis.  If,  how;- 
ever,  the  wire  contains  exactly  99.7  per  cent,  of  pure  iron,  it  woul4 
still  be  unsuited  for  very  accurate  work,  for  a  value  too  low 
would  always  be  foimd  for  the  strength  of  the  potassium  pertnaa- 
ganate.  The  0.3  per  cent,  of  impurity  consists  of  carbon,  sulphur, 
silicon,  phosphorus,  and  traces  of  manganese.  The  first-named 
elements  exist  in  the  wire  in  the  form  of  carbides,  sulphides, 
silicidcs,  and  phosphides,  which,  on  being  dissolved  in  sulphuric  acid, 
produce  hydrocarbons  (partly  liquid)  and  hydrides  of  sulphur, 
silicon,  and  phosphorus,  all  of  which  are  oxidizable  by  potassium 
permanganate  and  remain  partly  in  solution  on  dissolving  the  iron 
wire  in  sulphuric  acid.  Consequently  more  potassium  perman- 
ganate solution  will  be  reduced  than  corresponds  to  the  amount  of 
iron  present,  and  the  iron  value  for  the  solution  will  be  too  small. 
This  error  sometimes  amoimts  to  0.5-1  per  cent.,  but  can  be 
avoided  by  using  pure  electrolytic  iron  for  the  standardization. 

Preparation  of  Chemically  Pure  Iron  by  Electrolysis. 

For  this  piu'pose  we  start  with  commercial  ferric  sulphate. 
This  salt  almost  always  contains  traces  of  lead  and  copper,  which 
would  also  be  deposited  with  the  iron.  It  is,  therefore,  necessary 
to  purify  the  ferric  sulphate  before  subjecting  its  solution  to  elec- 
trolysis. 

About  100  gms.  of  the  commercial  salt  are  dissolved  in  600 
c.c.  of  water  with  the  addition  of  5  c.c.  of  dilute  sulphuric  acid  in  a 
liter-flask  *  (Fig.  29,  p.  85)  and  heated  to  boiling,  meanwhile  passing 
a  rapid  current  of  hydrogen  sulphide  through  the  solution  at  a. 
The  flask  is  then  closed  by  introducing  a  glass  rod  into  the  rubber 


*The  ffask  is  heated  over  the  free  flame,  not   in  the  water-bath    as 
shown  in  Pig.  29. 
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tubing  at  h,  and  at  the  sanie  t^me  the  flame  is  removed  and  tb» 
flask  placed  in  a  dish  of  cold  water,  shaking  iintU  no  more  hydro- 
gen sulphide  gas  is  absorbed  (no  more  bubbles  pass  through  the- 
interposed  waah-bottles*),  this  point  being  usually  reached  in 
from  five  to  ten  minutes.  By  this  means  all  of  the  lead  and 
copper  are  precipitated  as  sulphides.  The  solution  is  quickly 
filtered  through  a  folded  Biter  into  a  second  flask  of  the  right  size, 
to  replace  the  first  one  in  the  apparatus  just  used.  The  solu- 
tion is  again  heated  to  boUing  as  quickly  as  possible,  meanwhile 
passing  a  rapid  stream  of  carbon  dioxide  t  through  the  appa- 
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ratus  until  no  trace  of  hydrogen  sulphide  can  be  detected  at  ft. 
The  flask  is  then  closed  at  6  as  before  and  the  solution  allowed 
to  cool  in  an  atmosphere  of  carbon  dioxide. 

In  addition  it  is  also  necessary  to  provide  a  solution  of  am- 
monium oxalate,  saturated  at  the  room  temperature. 

For  the  electrolysis,  two  electrodes  K  (Fig.   26)  are  prepared 

•The  hydrogen  sulphide  is  washed  by  passing  through  water  in  the 
bottles  A  and  B  (Fig.  29)  and  is  then  passed  through  the  tower  C,  which  is 
filled  with  cotton. 

t  For  the  generation  of  carhon  dioxide,  an  apparatus  umilar  to  that 
Bhown  in  Fig.  29  is  used,  only  the  wash-bottle  A  is  filled  with  permanganate 
solution,  and  the  tower  C  contains  pumice  soaked  with  copper  sulphate 
solution,  above  which  is  a  plug  of  cotton. 

The  potas^um  permanganate  and  copper  sulphate  both  serve  to  remove 
H^  from  the  CO,. 
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by  taking  two  pieces  of  platiouni-foil  about  25  sq.  cm.  Burface  and 
fastening  a  piece  of  fairly  heavy 
platinum  wire  to  each ;  they  are 
bent  so  that  they  will  conven- 
iently pass  through  the  neck  of 
a  liter-fiaak.  The  electrodes  are 
cleaned  by  boiling  in  concen- 
trated hydrochloric  acid  and 
finally  igniting  them  over  the 
free  flame.  To  accomplish  the 
latter  purpose,  it  is  convenient 
to  hong  them  upon  a  heavy 
platinum  wire  which  is  itself 
placed  on  an  iron  ring;  they 
are  then  heated  over  the  non- 
luminous  flame  of  the  Teclu 
burner  (Fig.  27). 

After  the  ignition  the  elec- 
trodes are  allowed  to  cool  in  a 
desiccator  and  weighed  as  accu- 
rately as  possible  (weighing  by 
swings.  Cf.  p.  10).  About  250 
c.c.  of  the  ammonium  oxalate 
solution  are   now  placed    in   a  i'lo.  27. 

350-c.c.  beaker  and  15  c.c.  of  the  iron  solution  (about  0.5  gm.  Fe) 
are  added.  The  beaker  is  covered  with  a  glass  plate  containing  three 
holes  (Fig.  28).  At  the  ends  of  the  plate  are  fastened  two  corks 
which  sf;r\-e  to  suppwrt  the  two  heavy  platinum  wires  a  and  b. 
Through  the  two  side  holes  are  passed  from  below  the  bent  pla- 
tinum wires  of  the  cathodes  K.  leaving  them  suspended  from 
a;  while  through  the  middle  hole  the  end  of  the  spiral  anode 
passes  and  is  suspended  from  the  cross-wire  b.  The  wire  a  is  now 
connected  with  the  negative  and  wire  6  with  the  positive  pole  of 
a  battery,  and  the  cold  solution  te  electrolyzed  for  from  one  and 
one-half  to  two  hours  with  a  current  of  0.5-0,7  ampere.  At  the 
end  of  this  time  there  will  be  firmly  attached  to  each  of  the 
cathodes  about  0.15-0.17  gm.  of  a  bright,  steel-gray  deposit. 
The  circuit  is    broken,    one   of  the   electrodes  is  removed,  and 
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the  circuit  again  closed.  The  electrode  which  has  been  removed  is 
at  once  plunged  into  a  beaker  of  distilled  water,  taken  out,  the 
bottom  edge  touched  with  a  piece  of  filter-paper  to  remove 
the  greater  part  of  the  adhering  water,  and  then  washed  with  a 
liberal  quantity  of  absolute  alcohol  that  has  been  distilled  over  lime. 
The  lower  edge  is  again  touched  with  filter-paper,  then  washed 
with  ether  which  has  been  distilled  over  potash,  after  which  it  is 
dried  in  the  hot  closet  until  the  ether  has  evaporated  (this  takes 
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about  half  a  minute).  It  is  then  placed  in  a  desiccator.  The  sec- 
ond electrode  is  now  removed  from  the  circuit  and  subjected  to 
precisely  the  same  treatment.  After  the  electrodes  have  been  in 
the  desiccator  for  fifteen  minutes  they  are  weighed. 

While  the  solution  is  being  electrolyzod  the  solvent  for  the  iron 
should  be  prepared.  In  the  liter-flask  K  (Fig.  29)  are  placed 
500  CO.  of  water  and  50  c.c.  of  chemically  pure  concentrated  sul- 
phuric acid.  The  contents  of  the  flask  are  heated  to  boilint;, 
while  a  stream  of  carbon  dioxide  is  passed  through  the  flask.  After 
the  liquid  has  boiled  vigorously  for  ten  minutes  the  flask  is 
closed  at  b,  removed  from  the  flame,  placed  in  coUl  water,  and 
allowed  to  cool  in  an  atmosphere  of  carbon  dioxide. 

In  this  manner  a  solution  of  sulphuric  acid  is  obtained  com- 
pletely free  from  air,  so  that  there  is  no  danger  of  its  oxidizing  any 
of  the  ferrous  salt. 

One  of  the  weighed  electrodes,  on  -which  the  iron  has  been  de- 
posited, is  throvin  into  the  flask  containing  the  sulphuric  acid;  the 
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flask  is  immetiiately  closed  and  gently  heated  on  the  water-bath, 
carbon  dioxide  being  passed  continuously  through  the  apparatus. 
The  iron  dissolves  very  quickly,  leaving  no  residue.  The  flask  is 
then  closed  at  b,  placed  in  cold  water,  and  when  cold  is  titrated 
with  permanganate  solution  added  from  a  glass-stoppered  burette 
provided  with  a  Key's  float  *  to  facilitate  the  reading  of  the  meniscus. 
After  noting  the  burette  reading,  the  permanganate  is  added  drop 
by  drop  and  the  flask  is  constantly  rotated  to  insure  thorough  mix- 
ing of  the  permanganate  with  the  ferrous  solution.  When  the  solu- 
tion possesses  a  slight  pink  color,  permanent  for  half  a  minute,  the 
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end-point  is  reached,  and  after  the  burette  has  drained,  a  second 
reading  is  taken.  A  blank  test  is  made  with  another  portion  of 
500  c.c.  of  water  and  50  c.c.  sulphuric  acid  solution  (boiled  free  from 
air  in  the  same  way  and  allowed  to  cool  in  a  stream  of  carbon 
dioxide),  to  see  how  much  permanganate  is  necessary  to  impart 
this  pink  color  in  the  absence  of  iron.  This  amount  should  be 
subtracted  from  the  total  number  of  cubic  centimeters  of  the  per- 
manganate solution  used  in  titrating  the  iron. 

The  results  obtained  by  this  procedure  are  excellent. 

After  the  strength  of  the  permanganate  solution  has  been 
■accurately  determined   by  the  above  method  the  apparent  iron 

•  See  under  Volumetric  Anatj^?. 
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value  of  the  iron  wire  may  be  determined.  After  this  is  known 
it  is  possible  to  determine  accurately  the  strength  of  a  new  per- 
manganate solution,  or  of  the  same  solution  at  a  future  date,  by 
titrating  against  a  solution  of  the  wire. 


Determination  of  the  Apparent  Iron  Value  of  Iron  Wire. 

The  wire  is  cleaned  by  rubbing  with  a  piece  of  emery  paper  until 
it  is  perfectly  bright.  It  is  then  passed  through  filter-paper  until 
it  no  longer  leaves  a  gray  mark  on  the  paper.  The  wire  is  wound 
roimd  a  dry  glass  rod  making  a  spiral,  and  a  portion  of  0.15-0.2  gm. 
is  weighed  out.  This  is  dissolved,  in  the  same  way  as  the  electro- 
lyzed  iron,  in  550  c.c.  of  dilute  sulphuric  acid  that  has  been  boiled 
in  a  current  of  carbon  dioxide.  The  ferrous  sulphate  solution 
thus  obtained  is  titrated  as  above  described  wdth  permanganate 
and  the  apparent  iron  value  calculated. 

The  following  results  of  determinations  made  with  great  care 
by  B.  Schudel  in  the  author's  laboratory  illustrate  the  process: 


I.  Standardization  of  KMnO^  Solution  by  means  of  Electrolytic  Iron. 

(a)  0.1650  gm.  iron  required  30.14  c.c.  KMn04  solution 
(6)  0.1650   "      "         "        30.17   "         "  " 


Mean  30.16   " 
-    0.08    "  * 


30.08 


1  c.c.  KMnO^  solution,  therefore,  corresponds  to 

0.1650 


30.08 


=  0.0054853  gm.  Fe. 


♦  This  amount  of  KMnO^  solution  was  necessary  to  impart  a  pink  color 
to  the  solution. 
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II.  Determination  of  the  Iron  Value  of  Iron  Wire, 

<a)  0.20541  gm.  iron  wire  required  37.64    c.c.  KMn04  solution 
(6)  0.20046    "     "      "  "       36.74*  c.c. 

According  to  I,  1  c.c.  KMn04  solution =0.0054853  gm.  Fe 
0.20541  gm.  wire:  37.64x0.0054853=0.20616  gm.  Fe 

Apparent  iron  value  =  100.51  per  cent. 
0.20046  gm.  wire:  36.74x0.0054854=     0.20153  gm.  Fe 

Apparent  iron  value  =  100.53  per  cent. 

Mean =100.52  per  cent. 

The  iron  wire,  therefore,  apparently  contains  100.52  per  cent  Fe. 
Obviously,  then,  an  incorrect  value  for  the  strength  of  the  per- 
manganate solution  would  be  obtained  if  we  were  to  use  for  the 
computation  the  real  iron  value  of  99.7  per  cent. 

Every  time  a  new  supply  of  iron  wire  is  obtained  its  apparent 
iron  value  should  be  determined. 

Analysis  of  Ferric  Compounds  according  to  the  Method  of 

Margueritte. 

From  what  has  already  been  said,  it  is  evident  that  in  order  to 
determine  the  amount  of  iron  present  in  a  solution  by  titration 
with  potassium  permanganate,  it  is  necessary  for  the  iron  to  be 
present  entirely  in .  the  ferrous  condition.  In  order,  therefore, 
to  apply  this  method  to  the  analysis  of  ferric  compounds,  it  is 
first  necessary  to  reduce  them  completely. 

To  effect  the  reduction  of  a  ferric  sulphate  solution  we  can 
proceed  as  follows :  The  solution  is  placed  in  a  200-c.c.  flask,  acidified 
with  one-tenth  its  volume  of  pure,  concentrated  sulphuric  acid, 
the  flask  is  closed  with  a  stopper  provided  with  two  tubes  through 
which  gas  can  enter  dnd  leave  the  flask,  the  contents  of  the  flask 
are  heated  to  boiling  and  hydrogen  sulphide  is  passed  through  the 
solution  until  it  is  perfectly  colorless.  The  boiling  is  continued 
and  carbon  dioxide  is  now  passed  through  the  solution  until  the 
excess  of  hydrogen  sulphide  is  completely  removed.  The  solu- 
tion is  then  allowed  to  cool  in  an  atmosphere  of  carbon  dioxide 

*  After  deducting  the  amount  of  KMnO^  necessary  to  impart  a  pink  color 
to  the  solution  (0.08  c.c). 
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only  suitable  for  the  estimation  of  small  amounts  of  titaniimiy  as 
the  shades  of  strongly  colored  solutions  cannot  be  compared 
accurately. 

CHROmUM,  Cr.    At.  Wt.  52.1. 
Forms;  Chromic  Oxide,  Cr^O,;  Barium  Chromate,  BaCrO^. 

(a)  Chromic  Compounds. 

Determination  as  Chromic  Oxide. 

If  the  chromium  is  present  in  solution  as  chromic  compoimd 
it  can  be  precipitated  exactly  as  described  under  ahiminium,  by 
means  of  a  slight  excess  of  ammonia  in  the  presence  of  consider- 
able ammonium  salts  (or  better  still,  by  the  addition  of  freshly 
prepared  ammonium  sulphide  solution  to  the  boiling  solution). 
The  precipitated  Cr(OH),  is  washed  ^dth  dilute  ammonium  nitrate 
solution  and  ignited  wet  in  a  platiniun  crucible,  being  thereby 
changed  to  the  oxide,  CrjOr  ^^  results  obtained  are  always 
a  few  tenths  of  a  per  cent,  too  high  on  account  of  the  formation 
of  small  amounts  of  alkali  chromate  even  though  the  entire  opera- 
tion takes  place  in  platinum  vessels.  The  alkali  comes  from  the 
reagents.  It  can  be  shown  that  the  ignited  product  contains 
a  little  chromate,  as  the  aqueous  extraction  always  possesses  a 
Blight  yellow  color  and  gives  with  silver  nitrate  a  red  precipitate 
of  silver  chromate. 

If  phosphoric  acid  is  present,  it  will  be  found  in  the  precipitate. 
In  this  case  the  dried  precipitate  is  fused  in  a  platinimi  crucible 
with  sodium  carbonate  and  potassium  nitrate,  whereby  sodium 
chromate  and  sodium  phosphate  are  obtained.  The  melt  is  dis- 
solved in  water,  acidified  with  nitric  acid,  and  the  phosphoric 
acid  precipitated  by  means  of  anmionia  and  magnesia  mixture, 
as  described  under  Phosphoric  Acid.  From  the  filtrate  the 
chromium  is  determined  as  baritmi  chromate  in  acetic  acid  solu- 
tion as  described  below, 

(p)  Chromates. 

If  the  chromium  is  present  in  solution  in  the  form  of  an  alkali 
chromate,  free  from  chloride  and  large  amounts  of  sulphuric  acid, 
it  may  be  determined  very  accurately  by  precipitation  with  mer- 
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amount  of  titanium  present  and  is  not  altered  by  an  excess  of 
hydrogen  peroxide.  On  the  other  hand,  inacciu'ate  results  are 
obtained  in  the  presence  of  hydrofluoric  acid  (Hillebrand) ;  con- 
sequently it  is  not  permissible  to  use  hydrogen  peroxide  for  this 
determination  which  has  been  prepared  from  barium  peroxide  by 
means  of  hydrofluosilicic  acid.  Furthermore,  chromic,  vanadic, 
and  molybdic  acids  must  nqt  be  present,  since  they  also  give 
colorations  with  hydrogen  peroxide.  The  presence  of  small  amounts 
of  iron  does  not  affect  the  reaction,  but  large  amounts  of  iron  cause 
trouble  on  account  of  the  color  of  the  iron  solution.  If,  however, 
phosphoric  acid  is  added  to  the  colored  ferric  solution  it  becomes 
decolorized,  and  from  such  a  solution  the  determination  of  titanitmi 
offers  no  difficulty.  The  solution  in  which  the  titanium  is  to  be 
determined  must  contain  at  least  5  per  cent,  of  sulphuric  acid; 
an  excess  does  not  influence  the  reaction.  The  reaction  is  so 
delicate  that  0.00005  gm.  of  TiO,  present  as  sulphate  in  50  c.c. 
of  solution  give  a  distinctly  visible  yellow  coloration. 

For  this  determination  a  standard  solution  of  titanium  sulphate 
is  required.  This  can  be  prepared  by  taking  0.6000  gm.  of  po- 
tassium titanic  fluoride  which  has  been  several  times  recrystal- 
lized  and  gently  ignited  (corresponding  to  0.2  gm.  of  TiOj).  This  is 
treated  in  a  platinum  crucible  several  times  with  a  little  water 
and  concentrated  sulphuric  acid,  expelling  the  excess  of  acid  by 
gentle  ignition,  finally  dissolving  in  a  little  concentrated  sulphuric 
acid  and  diluting  with  5  per  cent,  sulphuric  acid  to  100  c.c.  One 
cubic  centimeter  of  this  solution  corresponds  to  0.002  gm.  TiOj. 

The  determination  proper  is  carried  out  in  the  same  way  as 
described  on  p.  56,  imder  the  colorimetric  determination  of  am- 
monium. 

50  c.c.  of  the  solution  which  has  been  brought  to  a  definite 
and  accurately  measured  volume  is  placed  in  a  Nessler  tube  be- 
side a  series  of  other  tubes,  each  containing  a  known  amount 
of  the  standard  titanium  solution,  filled  up  to  the  mark  with 
water  and  each  treated  with  2  c.c.  of  3  per  cent,  hydrogen  per- 
oxide* (free  from  hydrofluoric  acid).  The  color  of  the  solution 
in  question  is  compared  with  the  standards.    This  method  is 

'^The  hydrogen  peroxide  solution  \s  prepared  shortly  before  using  by 
dissolving  commercial  potassium  percarbonate  in  dilute  sulphuric  acid. 
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only  suitable  for  the  estimation  of  small  amotmts  of  titanium,  as 
the  shades  of  strongly  colored  solutions  cannot  be  compared 
itccurately. 

Chromium^  Cr.    At.  Wt.  62.1. 

Forms;  Chromic  OxidCy  Cr^O,;  Barium  Chromate,  BaCr04. 

(a)  Chromic  Compounds. 

Detennination  as  Chromic  Oxide. 

If  the  chromium  is  present  in  solution  as  chromic  compoimd 
it  can  be  precipitated  exactly  as  described  imder  aluminium,  by 
means  of  a  slight  excess  of  ammonia  in  the  presence  of  consider- 
able ammonium  salts  (or  better  still,  by  the  addition  of  freshly 
prepared  ammonium  sulphide  solution  to  the  boiling  solution). 
The  precipitated  Cr(OH),  is  washed  with  dilute  ammonium  nitrate 
solution  and  ignited  wet  in  a  platinum  crucible,  being  thereby 
changed  to  the  oxide,  CrjO,.  The  results  obtained  are  always 
a  few  tenths  of  a  per  cent,  too  high  on  accoimt  of  the  formation 
of  small  amounts  of  alkali  chromate  even  though  the  entire  opera- 
tion takes  place  in  platinmn  vessels.  The  alkali  comes  from  the 
reagents.  It  can  be  shown  that  the  ignited  product  contains 
a  little  chromate,  as  the  aqueous  extraction  always  possesses  a 
flight  yellow  color  and  gives  with  silver  nitrate  a  red  precipitate 
of  silver  chromate. 

If  phosphoric  acid  is  present,  it  will  be  foimd  in  the  precipitate. 
In  this  case  the  dried  precipitate  is  fused  in  a  platinum  crucible 
with  sodium  carbonate  and  potassiiun  nitrate,  whereby  sodium 
chromate  and  sodium  phosphate  are  obtained.  The  melt  is  dis- 
solved in  water,  acidified  with  nitric  acid,  and  the  phosphoric 
acid  precipitated  by  means  of  ammonia  and  magnesia  mixture, 
as  described  under  Phosphoric  Acid.  From  the  filtrate  the 
chromium  is  determined  as  barium  chromate  in  acetic  acid  solu- 
tion as  described  below, 

(6)  Chromates. 

If  the  chromium  is  present  in  solution  in  the  form  of  an  alkali 
chromate,  free  from  chloride  and  large  amounts  of  sulphuric  acid, 
it  may  be  determined  very  accurately  by  precipitation  with  mer- 
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curoiia  nitrate  solution  as  mercurous  chromate;  on  ignition  the 
latter  is  changed  to  Cr^O,. 

Procedure. — The  neutral  or  weakly  acid  solution  is  treated 
with  a  solution  of  pure  mercurous  nitrate  whereby  brown,  basic 
mercurous  chromate,  (4HgjO,3CrO,),  is  formed.  On  heating  to 
boiling,  the  precipitate  becomes  a  beautiful,  fiery  red,  being  con- 
verted into  the  neutral  salt  Hg3Cr04.  This  red  salt  settles  very 
quickly,  and  if  the  precipitation  is  complete  the  solution  above  the 
precipitate  will  be  colorless.  After  cooling,  the  precipitate  is  filtered 
off,  washed  thoroughly  with  water  containing  a  little  mercurous 
nitrate,  dried  and  separated  from  the  filter  as  completely  as  possible. 
The  filter  is  burned  in  a  platinum  spiral  and  ignited  with  the  main 
portion  of  the  precipitate,  gently  at  first  and  finaUy  strongly,  in 
a  platinum  crucible  imder  a  hood  with  a  good  draft,  afterwards 
weighing  the  residue  as  Cr^O,. 

The  purity  of  the  mercurous  nitrate  must  be  tested  before  using 
it.    5  gms.  of  the  salt  should  leave  no  residue  after  being  ignited. 

This  excellent  method  for  the  determination  of  chromium 
unfortunately  permits  of  only  a  very  limited  application.  If 
the  solution  contains  any  considerable  amoimt  of  chloride, 
mercurous  chloride  will  be  precipitated  with  the  mercurous  chro- 
mate, which,  although  volatile  on  ignition,  renders  the  precipitate 
too  bulky  and  the  "method  inaccurate. 

If,  therefore,  it  is  necessary  to  determine  chromium  present 
as  chromate  in  a  solution  containing  chloride,  two  other  methods 
are  at  our  disposal.  The  chromate  may  be  reduced  by  boiling 
with  sulphurous  acid  (or  by  evaporating  with  concentrated  hydro- 
chloric acid  and  alcohol)  and  analyzed  according  to  (a),  or  it 
may  be  just  as  accurately,  and  much  more  conveniently,  deter- 
mined by  precipitating  as 

Barium  Chromate 

and  weighing  this  after  gentle  ignition. 

Procedure. — ^The  neutral  solution,  or  one  weakly  acid  with  acetic 
acid,  is  treated  at  the  boiling  temperature  with  a  solution  of  barium 
acetate  added  drop  by  drop,*  and  after  standing  for  some  time, 

*  If  the  barium  acetate  solution  is  added  too  quickly  some  of  it  will  be 
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is  filtered  through  a  Gooch  crucible  (without  using  vfery  strong 
suction,  as  otherwise  the  filter  will  soon  get  stopped  up  and  the 
solution  will  filter  extremely  slowly).  The  precipitate  is  washed 
with  dilute  alcohol  and  dried  in  the  hot  closet.  The  crucible  is 
suspended  in  a  larger  one  of  porcelain  by  means  of  an  asbestos 
ring  (cf.  page  25)  and  heated,  at  first  gently,  and  finally  over  the 
full  flame  of  a  good  Bunsen  burner.  After  five  minutes  the  cover 
is  removed  and  the  heating  is  continued  until  the  precipitate 
appears  a  uniform  yellow  throughout,  when  it  is  cooled  in  a  desic- 
cator and  weighed. 

Sometimes  the  precipitate  appears  green  on  the  sides  of  the 
crucible  owing  to  a  slight  reduction  (by  means  of  dust,  traces 
of  alcohol,  etc.)  of  chromic  acid  to  chromic  oxide.  The  latter 
gradually  takes  on  oxygen  from  the  air  during  the  long-continued 
heating  of  the  open  crucible,  so  that  the  green  color  gradually 
disappears. 

If  a  grams  of  chromate  were  taken  for  analysis,  and  the 
barium  chromate  precipitate  weighed  p  grams,  then  the  amount 
of  chromium  present  may  be  calculated  as  foUows: 

BaCi04 :  Cr=p  :  s 
Cr 

and 

,      lOOCr   p  X  r^ 

BaCr04  a 

Example  for  practice :  Potassium  bichromate,  ICjCrjO^,  purified 
and  dried  as  described  on  page  37. 

Chromium  present  as  chromate  may  be  very  accurately  dete:- 
mined  by  volumetric  methods,  as  wiU  be  shown  xmder  Volumetric 
Analysis. 

carried  down  with  the  barium  chromate,  bo  that  too  Wgh  results  will  be 
obtained. 
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URAHIUM,  U.    At.  Wt.,  239.5, 
Forms:  U,Og  and  110,. 

(a)  Determination  as  TJfi^. 

Uranium  is  almost  always  precipitated  by  means  of  ammonia 
as  ammonium  uranate  and  changed  to  UaO,  by  gentle  ignition 
in  a  platinum  crucible  with  free  access  of  air.  According  to 
Zimmerman  *  this  transformation  is  only  complete  when  the 
precipitate  is  ignited  in  a  stream  of  oxygen;  the  error  is,  however, 
eo  small  that  for  ordinary  purposes  it  can  be  neglected. 

According  to  the  temperature  of  ignition,  the  11,0,  appears 
<iirty  green  or  black,  and  is  difficultly  soluble  in  dilute  hydro* 
chloric  or  sulphuric  acids;  in  nitric  acid  it  dissolves  gradually. 
By  heating  with  dilute  sulphuric  acid  (1  vol.  cone.  H2SO4-I-6  vol. 
HjO)  in  a  closed  tube  at  150°-175°  C.  for  a  long  time  (W.  F. 
Hillebrand),t  the  U3O,  is  completely  dissolved  with  the  formation 
of  uranous  and  uranyl  sulphate: 

U,0,+  4H,SO,=2UO,(SO,)+  (US04),+4H,0. 

U,Og  is  also  readily  soluble  in  dilute  sulphuric  acid  in  the 
presence  of  potassium  bichromate.  These  two  last  facts  are  taken 
advantage  of  in  the  volumetric  determination  of  uranium  (which 
see). 

(b)  Determination  as  UO,. 

The  ignited  precipitate,  obtained  in  exactly  the  same  way 
as  before,  is  heated  over  a  good  Teclu  burner,  or  over  the  blast- 
lamp,  in  a  current  of  hydrogen,  until  a  constant  weight  is  obtained 
whereby  it  is  quantitatively  changed  to  UO,.  This  is  the  most 
accurate  method  for  the  determination  of  uranium. 

The  UO,  thus  obtained  is  a  brown  powder,  insoluble  in  dilute 
hydrochloric  and  sulphuric  acids,  but  soluble  in  concentrated 
sulphuric  acid  after  long  heating,  best  in  a  closed  tube.  This 
oxid^  is  also  soluble  in  nitric  acid. 

*  Ann.  d.  Ch.  und  Ph.,  282  (1886),  p.  287. 
t  Bull.  U.  S.  Geol.  Survey,  78,  p.  90. 
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Separation  of  Iroiii  Aluminium,  Chromium,  Titanium,  and 
Uranium  from  Calcium,  Strontium,  Barium,  and  Magne* 
slum. 

The  solution  containing  the  above  substances  in  the  presence 
of  considerable  ammonium  chloride  is  placed  in  an  Erlenmeyer 
flask  and  treated  with  a  slight  excess  of  freshly  prepared  ammo- 
nium sulphide  free  from  sulphate  and  carbonate.  After  stand- 
ing overnight  the  precipitate  is  filtered  oiBf  and  washed  with 
water  containing  ammonium  sulphide.  It  contains  the  iron  and 
uranium  as  sulphides,  the  aluminium;  chromimn,  and  titanium 
as  hydroxides.  In  case  large  amounts  of  magnesimn  are  present,, 
some  of  it  is  almost  always  present  in  the  precipitate,  so  that  it 
is  then  necessary  to  dissolve  the  precipitate,  after  filtration,  in 
hydrochloric  acid  and  to  reprecipitate  with  ammonimn  sulphide. 

Separation  of  Iron  from  Aluminium. 

(1)  The  solution  is  treated  in  a  porcelain  dish  with  pure, 
potassium  hydroxide  solution  imtil  strongly  alkaline,  boiled, 
diluted  with  hot  water,  and  filtered.  The  precipitate  contains 
the  iron  as  hydroxide,  while  the  solution  contains  the  aluminium 
as  aluminate.*  For  the  iron  determination  the  precipitate  is 
dissolved  in  hydrochloric  acid,  reprecipitated  with  anmionia,t 
dried,  and  weighed  as  FcjOg  (see  page  77).  The  aluminium  is 
precipitated  as  hydroxide  from  the  filtrate  by  acidifjring  with 
nitric  acid  and  then  adding  ammonia. 

(2)  The  acid  solution  is  treated  with  tartaric  acid  (three  parts 
of  tartaric  acid  for  each  part  of  the  mixed  oxides  (Fe^Oj+AljOj)), 
hydrogen  sulphide  is  passed  into  the  solution  imtil  it  is  saturated, 
as  slight  an  excess  as  possible  of  anmionia  is  added,  and  the  sulphide 
of  iron  is  allowed  to  settle  in  a  closed  Erlenmeyer  flask.  It  is  then 
filtered,  washed  with  water  containing  ammoniiun  sulphide,  dis- 
solved in  hydrochloric  acid,  oxidized  with  a  little  potassium  chlorate 
or  nitric  acid,  and  precipitated  as  ferric  hydroxide  by  the  addition 

*  If  the  precipitate  is  large,  it  should  be  dissolved  in  hydrochloric  acid 
and  again  precipitated  with  KOH. 

t  It  is  very  hard  to  wash  the  KOH  precipitate  free  from  alkali  so  that  the 
first  precipitate  should  not  be  weighed. 
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of  ammonia.  The  aluminium  is  determined  in  the  filtrate  by 
evaporating  to  dr3aiess  with  the  addition  of  a  little  sodium  carbo* 
nate  and  potassium  nitrate.  The  residue  is  gently  ignited  in  a 
platinmn  dish  in  order  to  destroy  the  tartaric  acid,  after  which 
it  is  dissolved  in  dilute  nitric  acid,  the  carbon  filtered  off,  and  the 
aluminium  precipitated  from  the  solution  by  the  addition  of  am- 
monia. 

(3)  Both  of  the  metals  are  precipitated  with  ammonia,  filtered, 
washed,  dried,  ignited  in  a  platinum  crucible,  and  the  weight  of  the 
combined  oxides  determined.  The  mixture  is  then  digested  with 
concentrated  hydrochloric  acid  to  which  a  little  water  has  been 
added  (lOHClilHjO)  in  a  covered  crucible  imtil  the  iron  is  com* 
pletely  dissolved.  If  ferric  oxide  predominates,  as  is  frequently 
the  case,  the  solution  is  effected  in  one  or  two  hours.  If,  on  the 
other  hand,  a  relatively  large  amoimt  of  alumina  is  present  (as  is 
usually  the  case  with  silicates),  and  which  can  be  detected  by  the 
color  of  the  precipitate  produced  by  ammonia,  the  precipitate 
then  dissolves  very  slowly  and  in  many  cases  only  incompletely. 

In  the  latter  case  the  ignited  oxides  are  brought  into  solutiou 
by  fusing  ydth  12-15  times  as  much  potassium  pyrosulphate, 
KjSjO,  (cf.  Vol.  I,  p.  73).  The  decomposition  of  the  oxides  is 
usually  complete  in  2-4  hours.  The  crucible  together  with  its  cover 
is  placed  in  a  beaker,  water  and  a  little  sulphuric  acid  are  added, 
and  the  melt  is  dissolved  by  warming  gently,  and  passing  a  current 
of  air  through  the,  solution  in  order  to  keep  the  liquid  in  motion. 
A  small  amoimt  of  platinum  is  always  dissolved  by  this  treatment. 
After  removing  the  crucible  and  its  cover,  the  solution  is  heated 
to  boiling  and  saturated  with  hydrogen  sulphide.  The  solution 
is  then  filtered  into  a  fiask  and  carbon  dioxide  is  passed  through 
it  imtil  the  excess  of  hydrogen  sulphide  is  completely  removed. 
The  contents  of  the  flask  are  then  cooled  by  placing  the  flask  in 
cold  water,  the  carbon  dioxide  still  passing  through  the  flask. 
The  iron  is  then  titrated  with  potassium  permanganate  solution 
as  described  on  page  79.  The  aluminiimi  is  determined  by  diffei^ 
ence  from  the  weight  of  the  combined  oxides.  For  the  determina- 
tion of  iron  in  silicates  the  above  process  is  most  suitable  (Hille- 
brand).  The  reduction  of  the  ferric  salt  to  ferrous  salt  by  means  of 
hydrogen  sulphide  possesses  great  advantages  over  the  reduction 
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by  means  of  zinc,  for  in  the  former  case  no  foreign  element  is  intro- 
duced, and  furthermore  zinc  serves  to  reduce  the  titanic  acid 
that  is  almost  always  present  in  rocks,  and  this  will  be  again  oxidized 
by  the  pennanganate,  so  that  too  high  an  iron  value  will  be  ob- 
tained. 

If  the  iron  is  aU  dissolved  by  treating  the  oxides  with  hydro- 
chloric acid,  the  solution  is  evaporated  to  dryness  and  the  residue 
b  treated  with  a  few  cubic  centimeters  of  dilute  sulphuric  acid, 
evaporated  on  the  water-bath  as  far  as  possible,  and  then  heated 
over  the  free  flame  until  fumes  of  sulphuric  acid  are  evolved. 
After  cooling,  the  product  is  dissolved  in  water  and  the  ferric 
sulphate  reduced  to  ferrous  sulphate  by  introducing  a  piece  of 
zinc,  free  from  iron,  into  the  crucible  and  covering  the  latter  with  a 
watch-glass.*  The  reduction  is  complete  in  20-30  minutes.  The 
slight  residue  of  platinum  f  is  filtered  off  with  the  excess  of  zinc 
into  a  flask  already  filled  with  carbon  dioxide.  The  residue  is 
washed  with  water  that  has  been  boiled,  and  the  solution  is  titrated 
with  potassium  permanganate  solution. 

The  latter  method  is  to  be  recommended  for  the  determination 
of  small  amounta  of  iron  in  the  presence  of  still  less  aluminium,  as 
ia  the  case  in  the  analysis  of  mineral  waters. 

The  following  procedure  leads  to  the  same  end,  but  the  results 
are  not  quite  so  reliable: 

The  solution  from  which  the  iron  and  aluminium  are  to  be 
determined  is  diluted  to  a  definite  volume  (e.g.,  250  c.c)  and  two 
aliquot  portions  are  taken  by  means  of  a  pipette  (usually  100  c.c.) . 

In  one  portion  the  weight  of  the  combined  oxides  of  iron  and 
aluminium  is  determined  by  precipitation  with  ammonia  and  ignition 
of  the  precipitate,  while  in  the  other  the  iron  is  determined  by 
titration.  If  the  solution  contains  hydrochloric  acid,  as  is  usually 
the  cnsp    the  iron  is  first  precipitated  with  ammonia,  filtered, 

lium  is  present,  the  solution  is  reduced  by  means  of  hydrogen 
im  is  perceptibly  attacked  by  long  digeation  with  ferric  chloride 

4FeCl, + Pt + 2HC1=  HjPlCl, + 4FeCl,. 
ilorplatinic  acid  is  reduced  to  platinum  bv  the  action  of  line. 
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washed,  and  dissolved  in  dilute  sulphuric  acid.     The  solution  is 
then  reduced  and  titrated  as  previously  described.* 


Separation  of  Iron,  Aluminium^  and  Phosphoric  Acid. 

Although  the  determination  of  phosphoric  acid  has  not  yet 
been  considered,  we  will  describe  its  determination  in  the  presence 
of  iron  and  aluminium  because  this  highly  important  separation  is 
necessary  in  the  analysis  of  almost  all  minerals  containing  iron 
and  aluminium  as  well  as  in  the  analysis  of  many  mineral  waters. 
Two  cases  are  to  be  distinguished: 

1.  The  solution  contains  only  a  small  amount  (a  few  centigrams 
or  less)  of  iron,  aluminium,  and  phosphoric  acid. 

2.  The  solution  contains  large  amounts  of  these  substances. 

1.  In  the  first  case  the  determination  of  all  three  constituents 
must  be  imdertaken  in  the  same  portion,  as  otherwise  errors  would 
be  introduced  on  account  of  the  small  amounts  to  be  determined. 
The  solution  is  first  treated  with  ammonia  whereby  the  iron,  alu- 
minium and  phosphoric  acid  are  precipitated.f 

The  precipitate  is  ignited  in  a  platinum  crucible  and  weighed: 

Fe,03+Al,0,+  PA=A. 

The  product  is  then  fused  with  six  times  its  weight  of  a  mixtiu^ 
consisting  of  four  parts  anhydrous  sodium  carbonate  and  one  part 
pure  silica.  The  mixture  is  heated  over  the  blast-lamp,  the  melt 
is  extracted  with  water,  to  which  a  little  anunonium  carbonate 
has  been  added,  and  filtered.  The  filtrate  contains  all  of  the  phos- 
phoric acid  and  a  very  little  silicic  acid,  while  the  residue  contains 
all  of  the  iron  and  aluminium  and  considerable  silica. 

For  the  determination  of  the  phosphoric  acid,  the  filtrate  is 
evaporated  with  hydrochloric  acid  on  the  water-bath  to  dryness, 

*  It  is  necessary  to  get  rid  of  the  hydrochloric  acid  on  account  of  its  action 
upon  potassium  permanganate  (of.  Vol.  Anal.,  under  Iron). 

t  The  phosphoric  acid  is  usually  present  in  such  small  amounts  that  the 
iron  and  aluminium  are  more  than  sufficient  to  effect  the  precipitation  of  all 
the  phosphoric  acid,  on  the  addition  of  ammonia,  as  phosphates  of  these 
metals. 
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in  order  to  remove  the  silica^  the  residue  is  moistened  with  hydro- 
chloric acid,  taken  up  in  a  little  water,  filtered,  and  the  phosphoric 
acid  precipitated  in  the  filtrate  by  the  addition  of  ammonia  and 
"magnesia  mixture."  The  precipitate  of  magnesium  ammonium 
phosphate  is  changed  to  magnesium  pyrophosphate  by  ignition  and 
from  its  weight  p  the  amount  of  phosphoric  anhydride,  P2O6,  is 
calculated  (=B): 

Mg,P,0,:PA=p:B, 

By  subtracting  B  from  A  the  combined  weight  of  the  iron  and 
aluminium  oxides  is  obtained,  in  which  the  iron  is  determined 
volumetrically  and  the  aluminium  by  difference.  For  the  deter- 
mination of  the  iron,  the  insoluble  residue,  obtained  after  treating 
the  product  of  the  fusion  with  water  and  ammonium  carbonate, 
is  digested  with  hydrochloric  acid  in  a  small  porcelain  crucible 
until  the  iron  oxide  is  completely  dissolved.  The  solution  is  treated 
with  dilute  sulphuric  acid,  evaporated  on  the  water-bath  as  far 
as  possible,  and  then  over  a  free  flame  until  fumes  of  sulphuric 
anhydride  are  evolved.  After  cooling,  water  is  added  and  after 
digesting  on  the  water-bath  for  a  long  time  the  silica  is  filtered 
off,  the  solution  reduced  by  means  of  hydrogen  sulphide  (cf .  p. 
95,  sub.  3),  and,  after  removing  the  excess  of  hydrogen  sulphide, 
the  iron  is  titrated  with  permanganate  solution.  From  the  amount 
of  permanganate  used,  the  amount  of  ferric  oxide  (C)  can  be  cal- 
culated, and  by  deducting  this  amount  from  the  weight  of  the 
combined  oxides,  the  weight  of  the  AljO,  is  ascertained: 

A-CB-fO^AljO,. 

2.  In  case  the  solution  contains  large  amounts  of  iron,  alu- 
minium, and  phosphoric  acid,  it  is  divided  into  three  aliquot  por- 
tions and  in  one  the  value  of  "A"  is  determined  by  precipitation 
with  ammonia;  in  the  second  the  phosphoric  acid  is  determined 
by  the  molybdate  method;  and  in  the  third  the  iron  is  determined 
by  titration. 
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Separation  of  Iron  from  Chromium. 

1.  The  chromium  is  oxidized  in  alkaline  solution  by  means  of 
chlorine  or  bromine  to  a  soluble  chromate  and  the  insoluble  ferric 
hydroxide  is  filtered  off. 

Procedure. — ^The  solution  of  the  chlorides,  which  should  be 
placed  in  an  Erlenmeyer  flask  of  Jena  glass  provided  with  a 
ground-glass  stopper  and  tubes  by  which  gas  may  enter  and  leave 
the  flask,  is  treated  with  potassiiun  hydroxide  solution  until 
strongly  alkaline,  warmed  on  the  water-bath  and  chlorine  gas  is 
conducted  through  the  Uquid,  or  bromine  water  is  added,  until 
it  becomes  distinctly  yellow  and  the  ferric  hydroxide  has  as- 
sumed its  characteristic  reddish-brown  color.  When  the  oxidation 
is  performed  by  chlorine  gas,  0.5  gm.  of  the  mixed  oxides  will  be 
completely  oxidized  in  fifteen  to  twenty  minutes.  The  solution  is 
diluted  with  water  and  filtered.  The  filtrate  is  carefully  acidified 
with  acetic  acid,  the  chromium  precipitated  by  the  addition 
of  barium  acetate,  and  the  precipitate  of  barium  chromate  is 
treated  as  described  on  p.  91.  The  ferric  hydroxide  is  dissolved 
in  hydrochloric  acid,  reprecipitated  with  ammonia  and  weighed 
as  ferric  oxide. 

Remark. — If  the  chromate  is  to  be  determined  as  barium  chro- 
mate, the  solution  must  contain  no  sulphuric  acid.  If  the  latter  is 
present,  the  chromate  is  reduced  by  evaporating  with  hydrochloric 
acid  and  alcohol;  the  solution  of  chromic  chloride  thus  obtained 
is  precipitated  with  ammonia  and  the  chromium  determined  as 
chromic  oxide. 

In  the  case  of  a  precipitate  containing  iron  and  chromic  oxides, 
it  is  fused  with  sodium  carbonate  and  a  little  potassium  chlorate, 
the  melt  is  extracted  with  water,  and  the  chromium  is  determined  in 
the  solution  by  precipitating  with  barium  acetate.  The  insoluble 
residue  from  the  aqueous  extraction  of  the  fusion  is  dissolved  in 
hydrochloric  acid,  precipitated  with  ammonia,  and  the  iron  deter- 
mined as  ferric  oxide. 

If  it  is  desired  to  precipitate  the  chromium  as  mercurous 
chromate,  the  precipitate  containing  the  iron  and  chromic  oxides 
is  fused  with  sodiimi  carbonate  and  potassium  nitrate,  the  melt 
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extracted  with  water,  the  solution  neutralized  with  nitric  acid  and 
precipitated  with  mercurous  nitrate  solution,  as  described  on  p.  91. 

2.  It  has  been  proposed  to  analyze  the  mixture  of  ferric  and 
chromic  oxides  by  strongly  igniting  them  in  a  stream  of  hydrogen 
whereby  the  ferric  oxide  is  reduced  to  metallic  iron,  while  the 
chromic  oxide  is  unchanged.  The  iron  could  then  be  determined 
by  the  loss  of  weight.  This  method,  although  theoretically  very 
simple,  seems  from  experiments  carried  out  in  the  author's 
laboratory  to  be  absolutely  inadequate,  for  the  ferric  oxide  is  so 
enveloped  in  chromic  oxide  that  it  is  not  even  approximately  re- 
duced even  when  heated  over  the  blast-lamp. 

3,  Iron  may  be  separated  from  chromium  by  precipitating 
the  former  with  ammoniimi  sulphide  from  a  solution  containing 
sufficient  ammonium  tartrate  to  prevent  the  precipitation  of  the 
chromitmi.  The  separation  is  the  same  as  was  described  under 
almninium,  p.  94,  sub.  2. 


Separation  of  Aluminium  from  Chromium. 

If  the  chromium  is  present  as  chromic  salt,  it  is  oxidized  by 
means  of  chlorine  or  bromine  in  a  solution  made  strongly  alkaline 
with  potassium  hydroxide.  The  solution  is  then  acidified  with 
nitric  acid,  and  the  aluminium  precipitated  by  ammonia  as  hydrox- 
ide, being  weighed  as  the  oxide.  In  the  absence  of  sulphuric  acid 
the  chromium  may  be  determined  in  the  filtrate  as  baritmi  chro- 
mate  (cf.  p.  91).  If  sulphuric  acid  is  present,  the  chromate  is 
reduced  to  chromic  salt  again  by  the  action  of  concentrated  hydro- 
chloric acid  and  alcohol,  precipitated  wdth  anamonia,  and  weighed 
as  the  oxide 

If,  however,  the  chromium  is  already  present  as  chromate,  the 
aluminium  is  at  once  precipitated  with  ammonia  as  hydroxide. 


Separation  of  Iron  from  Titanium. 

It  is  frequently  necessary  to  determine  both  iron  and  titanium 
in  a  precipitate  produced  by  ammonia  consisting  of  a  mixture  of 
these  two  oxides  alone,  but  it  is  more  often  necessary  to  determine 
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titanium  in  the  presence  of  iron,  aluminium,  and  phosphoric  acid, 
all  of  which  are  precipitated  by  ammonia  in  the  analysis  of 
rocks. 

For  the  separation  of  titanium  from  iron  in  the  absence  of 
alumina,  the  following  methods  are  suitable : 

1.  The  precipitate  produced  by  ammonia  is  ignited  and  then 
fused  with  15-20  times  as  much  of  previously  dehydrated  potas- 
sium p3a'08ulphate  over  a  small  flame  until  completely  attacked. 
After  cooling,  the  melt  is  dissolved  in  cold  water  containing  sul- 
phuric acid,  and  the  solution  is  hastened  by  keeping  the  Uquid  in 
motion  by  means  of  a  current  of  air  passed  through  it. 

The  solution  thus  obtained  is  diluted  to  a  definite  volume,  and 
after  being  thoroughly  mixed  is  divided  into  two  portions,  one  being 
used  for  the  determination  of  titanium  and  the  other  for  the  deter- 
mination of  iron.  For  the  iron  determination,  the  acid  solution  is 
saturated  with  hydrogen  sulphide  in  the  cold,  heated  to  boiling,  and 
the  precipitate  of  platinum  sulphide,  sulphur,  and  a  Uttle  titanium 
is  filtered  off  into  a  flask  filled  with  carbon  dioxide,  and  washed 
thoroughly  with  hot  water.  The  filtrate  is  heated  to  boiling  and 
carbon  dioxide  is  passed  through  the  solution  imtil  the  excess  of 
hydrogen  sulphide  is  completely  removed,  when  it  is  cooled  in  an 
atmosphere  of  carbon  dioxide  and  then  titrated  with  perman- 
ganate. For  the  titanium  determination,  the  other  part  of  the 
solution  is  treated  with  sodium  carbonate  solution  until  a  slight 
precipitate  is  formed;  this  is  dissolved  in  as  little  sulphuric  acid  as 
possible,  saturated  with  hydrogen  sulphide  in  the  cold  and  5  gms. 
of  sodium  acetate  which  has  been  neutralized  with  acetic  acid  *  is 
added.  Carbon  dioxide  is  conducted  through  the  solution,  it  is 
heated  to  boiling,  filtered  hot,  washed  with  water  containing  hydro- 
gen sulphide,  ignited  wet  in  a  platinum  crucible,  and  weighed  as 
TiO,. 

Remark. — ^If  considerable  iron  is  present,  the  titanic  oxide  thus 
obtained  is  likely  to  contain  iron.  It  is  brought  into  solution 
again  by  fusing  with  potassium  pyrosulphate  and  the  precipitation 
is  repeated  exactly  as  before.  In  this  way  a  precipitate  free  from 
ircu  is  obtained. 

2.  The  Chancel-Stromeyer  method  is  also  satisfactory.  The 
solution  from  the  p3rrosulphate  fusion,  in  this  case  after  being 

*  Cf.  foot-note  to  page  123. 
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neutralized  with  sodium  carbonate,  is  treated  with  an  excess  of 
sodium  thiosulphate.,  diluted  to  about  400-500  c.c.  and  boiled  for 
some  time.  In  this  way  metatitanic  acid  and  sulphur  are  precipi- 
tated, while  iron  remains  in  solution.  During  the  filtration,  how- 
ever, the  finely  divided  sulphur  passes  through  the  filter,  so  that 
the  first  method  is  preferable.  In  the  presence  of  considerable 
iron  the  metatitanic  acid  obtained  by  this  method  is  also  contam- 
inated with  iron,  so  that  the  separation  must  be  repeated. 

Separation  of  Aluminium  from  Titanium. 

It  has  been  proposed  to  effect  this  separation  by  diluting  to  a 
considerable  volimae  the  slightly  acid  solution  of  the  melt  obtained 
by  the  potassiimi  p3rrosulphate  fusion  and  boiling  for  some  time, 
thereby  precipitating  the  titaniimi  and  leaving  the  aluminium  in 
solution.  This  method,  however,  is  useless,  for  alumina  is  pre- 
cipitated with  the  metatitanic  acid  unless  the  solution  contains 
enough  acid  to  prevent  this  hydrolysis,  in  which  case  a  considerable 
amount  of  titanic  acid  remains  in  solution. 

The  best  separation  is  that  of  Gooch;*  it  consists  of  boiling  a 
solution  of  the  two  elements  containing  considerable  free  acetic 
acid  and  alkali  acetate ;  by  this  means  all  of  the  titanium  and  none 
of  the  alimainium  is  precipitated.  If,  however,  the  amount  of 
aluminium  present  is  large  (as  is  usual  in  rock  analysis),  the  pre- 
cipitate will  contain  some  aluminium,  so  that  the  separation  must 
be  repeated.  In  no  case  is  there  danger  of  the  precipitation  of  the 
titanium  being  incomplete. 

In  practice  it  is  almost  always  necessary  to  separate  the  titanium 
not  from  aluminium  alone,  but  from  iron  and  aluminiimi,  so  that 
the  method  of  Gooch  will  be  described  for  this  more  general  case. 

The  solution  obtained  by  dissolving  the  pyrosulphate  melt  in 
cold  water  is  treated  with  three  times  as  much  tartaric  acid  as 
the  weight  of  the  oxides,  is  saturated  with  hydrogen  sulphide 
gas,  and  then  made  slightly  ammoniacal.  By  this  means  all  of  the 
iron  is  precipitated  as  ferrous  sulphide,  while  the  aluminium  and 
titanium  remain  in  solution.  The  ferrous  sulphide  is  filtered  off, 
the  filtrate  is  acidified  with  sulphuric  acid,  heated  to  boiling,  and 
the  precipitate  of  sulphur  and  platinum  sulphide  (the  latter  from 

the  platinum  crucible  in  which  the  fusion  with  pyrosulphate  waa 

^ —  < 

*  Chemical  News,  52,  pp.  55  and  68. 
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made)  is  filtered  oflf.  The  filtrate  is  boiled  to  expel  the  last  traces 
of  hydrogen  sulphide  and  the  tartaric  acid  is  destroyed  by  adding 
2\  times  as  much  potassiimi  permanganate  as  the  amount  of  tar- 
taric acid  present.  Sulphurous  acid  is  then  added  until  the  precipi- 
tated manganese  dioxide  is  redissolved,  after  which  a  slight  excess 
of  ammonia  is  added  and  then  7-10  c.c.  of  glacial  acetic  acid  for 
each  100  c.c.  of  solution.  The  solution  is  boiled  for  one  minute, 
the  precipitate  is  allowed  to  settle,  and  the  filtrate  is  decanted 
through  a  filter,*  transferred  to  the  filter,  washed  with  7  per  cent, 
acetic  acid  and  finally  with  hot  water.  The  dried  precipitate  is 
ignited  over  a  Bunsen  burner  for  from  fifteen  to  twenty  minutes 
and  then  weighed. 

The  precipitate  contains  manganese  and  aluminium,  so  that  it 
is  fused  with  three  times  as  much  sodium  carbonate.  The  melt 
(colored  green  by  the  manganese)  is  leached  with  cold  water,  leaving 
sodium  metatitanate  and  some  alumina  undissolved.  The  precipi- 
tate is  filtered  off  by  means  of  a  small  filter,  is  ignited  in  a  platinum 
crucible,  and  fused  again  with  a  Utile  sodium  carbonate.  After 
cooling,  the  contents  of  the  crucible  are  dissolved  in  1.9  c.c.  of 
sulphuric  acid  (1  vol.  cone.  HjSO^rl  vol.  HjO)  diluted  to  about 
150-200  c.c.  and  treated  with  6  gm.  sodium  acetate  and  one-tenth 
of  its  volume  of  glacial  acetic  acid.  After  boiling  one  minute  and 
allowing  to  stand  until  settled,  the  precipitate  is  filtered  off,  washed 
with  7  per  cent,  acetic  acid,  then  with  water,  dried,  ignited,  and 
weighed.  This  precipitate  usually  contains  aluminium,  so  that 
it  is  again  fused  with  sodium  carbonate  and  the  melt  again  treated 
with  sulphuric  acid,  etc.,  exactly  as  described  above.  This  time 
the  precipitate  is  usually  free  from  aluminium,  but  the  process 
should  be  repeated  until  a  constant  weight  is  obtained. 

This  analysis  does  not  require  much  time,  for  usually  the 
amount  of  titanium  present  is  so  small  that  the  precipitates  filter 
and  wash  quickly. 

For  the  determination  of  very  small  amounts  of  titanium,  it  is 
advisible  to  use  the  colorimetric  method  proposed  by  Weller. 
Under  the  analysis  of  silicates  will  be  discussed  a  practical  ex- 
ample of  this  determination. 

*  Schleicher  &  Schull's  filter-paper  No.  5S9  is  satisfactory  for  this  pur- 
pose 
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Separation  of  Uranium  from  Iron  and  Aluminium. 

The  slightly  acid  solution,  containing  considerable  quantities 
of  anunonium  salts,  is  treated  with  an  excess  of  ammonium  car- 
bonate and  then  with  ammonium  sulphide,  allowed  to  stand  for 
some  time  in  a  closed  flask,  finally  filtered  and  washed  with  water 
containing  anmioniiun  sulphide. 

The  precipitate  contains  the  iron  as  ferrous  sulphide  and  the 
aluminium  as  hydroxide ;  in  the  filtrate  is  found  all  of  the  lu^anium 
as  U03(COj),(NH4)^.  The  precipitate  is  dissolved  in  hydrochloric 
acid,  its  solution  freed  from  hydrogen  sulphide  by  boiling,  the 
ferrous  salt  oxidized  to  ferric  salt  by  the  addition  of  potassium 
chlorate,  and  the  iron  and  aliuninium  determined  by  one  of  the 
methods  described  on  page  94. 

The  filtrate  containing  the  uranimn  is  evaporated  almost  to 
dryness,  acidified  with  hydrochloric  acid,  boiled,  and  the  uranium 
precipitated,  by  the  addition  of  ammonia,  as  anunoniiun  uranate. 
The  precipitate  is  filtered  off,  washed  with  2  per  cent,  ammonium 
nitrate  solution  to  which  a  little  ammonia  has  been  added,  dried, 
ignited,  and  weighed  as  U,0,. 

The  result  obtained  is  verified  by  heating  the  residue  repeat- 
edly in  a  current  of  hydrogen  in  a  Rose  crucible  (see  Copper  Deter- 
mination) until  a  constant  weight  is  obtained;  weighing  as  UOj. 
The  purity  of  the  precipitate  may  also  be  tested  volmnetrically 
(see  Volumetric  Analysis). 

B.  DIVISION  OF  THE  MONOXIDES. 

MANGANESE,  NICKEL,  COBALT,  ZINC. 

Manganese,  Mn.    At.  Wt.  55 . 0. 

Forms:  MnSO^,  MnS,  MOgO^. 

I.  Determination  as  Manganous  Sulphate,  MnSO^. 

This  method,  first  proposed  by  Volhard,*  has  recentl}'  been 
tested  by  Gooch  and  Austin,!  and  has  been  found  strictly  accurate. 

Experiments  performed  by  Schudel  in  the  author's  laboratory 

»    ■  — — — — ^ —  I 

*  Ann.  d.  Chem.  u.  Pharm.,  198,  p.  328. 
t  Zeit.  f.  anorg.  Chem.  (1898),  17,  p.  264. 
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cconpletely  confirm  Gooch's  results;  the  method  is  to-day  the  best 
known  for  the  determination  of  manganese. 

Procedure, — The  oxide  obtained  by  the  ignition  of  the  car- 
bonate, sulphide,  or  of  manganous  manganite,  is  dissolved  in  as 
Blight  an  excess  of  sulphuric  acid  as  possible  in  a  porcelain 
crucible,  evaporated  as  far  as  possible  on  the  water-bath,  after 
which  the  excess  of  acid  is  removed  by  heating  in  an  air-bath. 
A  porcelain  crucible  provided  with  an  asbestos  ring  (see  Fig.  11, 
p.  25)  serves  for  the  air-bath.  The  walls  of  the  smaller  crucible 
should  be  separated  from  those  of  the  larger  one  by  about  1  cm. 
After  the  sulphuric  acid  has  been  removed,  the  two  crucibles 
are  covered  and  heated  to  redness  over  a  good  Bunsen  burner, 
allowed  to  cool  in  a  desiccator  and  weighed.  From  the  weight 
of  the  manganous  sulphate,  the  amount  of  manganese  present 
may  be  calculated  as  follows: 

MnS04:Mn=p:a: 

Mn 
MnSO,  '^' 


x= 


(a)  Separation  of  Manganese  as  Carbonate, 

This  method  for  the  separation  of  the  manganese  permits  only 
a  limited  application,  because  no  other  metal  that  is  precipi- 
tated by  alkali  carbonates  can  be  simultaneously  present.  The 
method,  therefore,  is  only  suitable  for  the  determination  of  man- 
ganese in  solutions  of  pure  manganese  salts  containing  nothing 
else  except  alkali  and  ammonimn  salts. 

According  to  H.  Tamm,*  the  precipitation  is  best  accomplished 
by  means  of  anunonium  carbonate.  For  this  purpose  the  neutral 
solution  (which  may  contain  other  anunonium  salts)  is  treated 
with  a  slight  excess  of  ammonium  carbonate,  warmed  gently,  and 
the  beaker  containing  the  solution  is  allowed  to  remain  in  a  luke- 
warm water-bath  until  the  precipitate  has  settled  and  the  upper 
liquid  has  become  clear. 

The  precipitate  is  filtered  off,  washed  with  hot  water,  dried, 
,  ignited,  and  weighed  either  as  sulphate  according  to  1  or  as  IVlUjOf 
according  to  2. 

♦  Ch.  News,  26  (1872),  p.  37,  and  Zeit.  f.  anal.  Chem.,  11  (1872),  p.  425. 
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in  order  to  remove  the  silica,  the  residue  is  moistened  with  hydro- 
chloric acid,  taken  up  in  a  little  water,  filtered,  and  the  phosphoric 
acid  precipitated  in  the  filtrate  by  the  addition  of  ammonia  and 
"magnesia  mixture."  The  precipitate  of  magnesium  ammonium 
phosphate  is  changed  to  magnesium  pyrophosphate  by  ignition  and 
from  its  weight  p  the  amount  of  phosphoric  anhydride,  P2O5,  is 
calculated  (=B): 

Mg,P,0,:PA=p:B, 

P2O, 


B  = 


M&P,0/^- 


By  subtracting  B  from  A  the  combined  weight  of  the  iron  and 
aluminium  oxides  is  obtained,  in  which  the  iron  is  determined 
volumetrically  and  the  aluminium  by  difference.  For  the  deter- 
mination of  the  iron,  the  insoluble  residue,  obtained  after  treating 
the  product  of  the  fusion  with  water  and  ammonium  carbonate, 
is  digested  with  hydrochloric  acid  in  a  small  porcelain  crucible 
until  the  iron  oxide  is  completely  dissolved.  The  solution  is  treated 
with  dilute  sulphuric  acid,  evaporated  on  the  water-bath  as  far 
as  possible,  and  then  over  a  free  flame  until  fumes  of  sulphuric 
anhydride  are  evolved.  After  cooling,  water  is  added  and  after 
digesting  on  the  water-bath  for  a  long  time  the  silica  is  filtered 
off,  the  solution  reduced  by  means  of  hydrogen  sulphide  (cf .  p. 
95,  sub.  3),  and,  after  removing  the  excess  of  hydrogen  sulphide^ 
the  iron  is  titrated  with  permanganate  solution.  From  the  amount 
of  permanganate  used,  the  amount  of  ferric  oxide  (C)  can  be  cal- 
culated, and  by  deducting  this  amount  from  the  weight  of  the 
combined  oxides,  the  weight  of  the  AljO,  is  ascertained: 

A-(B-fC)  =  Al,03. 

2.  In  case  the  solution  contains  large  amounts  of  iron,  alu- 
minium, and  phosphoric  acid,  it  is  divided  into  three  aliquot  por- 
tions and  in  one  the  value  of  "A"  is  determined  by  precipitation 
with  ammonia;  in  the  second  the  phosphoric  acid  is  determined 
by  the  molybdate  method;  and  in  the  third  the  iron  is  determined 
by  titration. 
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Separation  of  Iron  from  Chromium. 

1.  The  chromium  is  oxidized  in  alkaline  solution  by  means  of 
chlorine  or  bromine  to  a  soluble  chromate  and  the  insoluble  ferric 
hydroxide  is  filtered  off. 

Procedure. — ^The  solution  of  the  chlorides,  which  should  be 
placed  in  an  Erlenmeyer  flask  of  Jena  glass  provided  with  a 
ground-glass  stopper  and  tubes  by  which  gas  may  enter  and  leave 
the  flask,  is  treated  with  potassimn  hydroxide  solution  until 
strongly  alkaUne,  warmed  on  the  water-bath  and  chlorine  gas  is 
conducted  through  the  liquid,  or  bromine  water  is  added,  until 
it  becomes  distinctly  yellow  and  the  ferric  hydroxide  has  as- 
sumed its  characteristic  reddish-brown  color.  When  the  oxidation 
is  performed  by  chlorine  gas,  0.5  gm.  of  the  mixed  oxides  will  be 
completely  oxidized  in  fifteen  to  twenty  minutes.  The  solution  is 
diluted  with  water  and  filtered.  The  filtrate  is  carefully  acidified 
with  acetic  acid,  the  chromium  precipitated  by  the  addition 
of  barium  acetate,  and  the  precipitate  of  barium  chromate  is 
treated  as  described  on  p.  91.  The  ferric  hydroxide  is  dissolved 
in  hydrochloric  acid,  reprecipitated  with  ammonia  and  weighed 
as  ferric  oxide. 

Remark, — If  the  chromate  is  to  be  determined  as  barium  chro- 
mate, the  solution  must  contain  no  sulphuric  acid.  If  the  latter  is 
present,  the  chromate  is  reduced  by  evaporating  with  hydrochloric 
acid  and  alcohol;  the  solution  of  chromic  chloride  thus  obtained 
is  precipitated  with  ammonia  and  the  chromium  determined  as 
chromic  oxide. 

In  the  case  of  a  precipitate  containing  iron  and  chromic  oxides, 
it  is  fused  with  sodium  carbonate  and  a  little  potassiiun  chlorate, 
the  melt  is  extracted  with  water,  and  the  chromium  is  determined  in 
the  solution  by  precipitating  with  barimn  acetate.  The  insoluble 
residue  from  the  aqueous  extraction  of  the  fusion  is  dissolved  in 
hydrochloric  acid,  precipitated  with  ammonia,  and  the  iron  deter- 
mined as  ferric  oxide. 

If  it  is  desired  to  precipitate  the  chromium  as  mercurous 
chromate,  the  precipitate  containing  the  iron  and  chromic  oxides 
is  fused  with  sodium  carbonate  and  potassium  nitrate,  the  melt 
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extracted  with  water,  the  solution  neutralized  with  nitric  acid  and 
precipitated  with  mercurous  nitrate  solution,  as  described  on  p.  91. 

2.  It  has  been  proposed  to  analyze  the  mixture  of  ferric  and 
chromic  oxides  by  strongly  igniting  them  in  a  stream  of  hydrogen 
whereby  the  ferric  oxide  is  reduced  to  metallic  iron,  while  the 
chromic  oxide  is  imchanged.  The  iron  could  then  be  determined 
by  the  loss  of  weight.  This  method,  although  theoretically  very 
simple,  seems  from  experiments  carried  out  in  the  author's 
laboratory  to  be  absolutely  inadequate,  for  the  ferric  oxide  is  so 
enveloped  in  chromic  oxide  that  it  is  not  even  approximately  re- 
duced even  when  heated  over  the  blastrlamp. 

3.  Iron  may  be  separated  from  chromium  by  precipitating 
the  former  with  ammonium  sulphide  from  a  solution  containing 
sufficient  anmionium  tartrate  to  prevent  the  precipitation  of  the 
chromium.  The  separation  is  the  same  as  was  described  under 
aluminium,  p.  94,  sub.  2. 


Separation  of  Aluminium  from  Chromium. 

If  the  chromium  is  present  as  chromic  salt,  it  is  oxidized  by 
means  of  chlorine  or  bromine  in  a  solution  made  strongly  alkaline 
with  potassium  hydroxide.  The  solution  is  then  acidified  with 
nitric  acid,  and  the  aluminium  precipitated  by  ammonia  as  hydrox- 
ide, being  weighed  as  the  oxide.  In  the  absence  of  sulphuric  acid 
the  chromium  may  be  determined  in  the  filtrate  as  barium  chro- 
ma te  (cf.  p.  91).  If  sulphuric  acid  is  present,  the  chromate  is 
reduced  to  chromic  salt  again  by  the  action  of  concentrated  hydro- 
chloric acid  and  alcohol,  precipitated  with  anmionia,  and  weighed 
as  the  oxide 

If,  however,  the  chromium  is  already  present  as  chromate,  the 
aluminium  is  at  once  precipitated  with  ammonia  as  hydroxide. 


Separation  of  Iron  from  Titanium. 

It  is  frequently  necessary  to  determine  both  iron  and  titanium 
in  a  precipitate  produced  by  ammonia  consisting  of  a  mixture  of 
these  two  oxides  alone^  but  it  is  more  often  necessary  to  determine 
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titanium  in  the  presence  of  iron,  aluminium,  and  phosphoric  acid, 
all  of  which  are  precipitated  by  ammonia  in  the  analysis  of 
rocks. 

For  the  separation  of  titanium  from  iron  in  the  absence  of 
alumina,  the  following  methods  are  smtable: 

1.  The  precipitate  produced  by  ammonia  is  ignited  and  then 
fused  with  15-20  times  as  much  of  previously  dehydrated  potas- 
siimi  P3a*osulphate  over  a  small  flame  until  completely  attacked. 
After  cooling,  the  melt  is  dissolved  in  cold  water  containing  sul- 
phuric acid,  and  the  solution  is  hastened  by  keeping  the  liquid  in 
motion  by  means  of  a  current  of  air  passed  through  it. 

The  solution  thus  obtained  is  diluted  to  a  definite  volume,  and 
after  being  thoroughly  mixed  is  divided  into  two  portions,  one  being 
used  for  the  determination  of  titanium  and  the  other  for  the  deter- 
mination of  iron.  For  the  iron  determination,  the  acid  solution  is 
saturated  with  hydrogen  sulphide  in  the  cold,  heated  to  boiling,  and 
the  precipitate  of  platinum  sulphide,  sulphur,  and  a  Uttle  titanium 
is  filtered  off  into  a  flask  filled  with  carbon  dioxide,  and  washed 
thoroughly  with  hot  water.  The  filtrate  is  heated  to  boiling  and 
carbon  dioxide  is  passed  through  the  solution  imtil  the  excess  of 
hydrogen  sulphide  is  completely  removed,  when  it  is  cooled  in  an 
atmosphere  of  carbon  dioxide  and  then  titrated  with  perman- 
ganate. For  the  titanium  determination,  the  other  part  of  the 
solution  is  treated  with  sodium  carbonate  solution  until  a  slight 
precipitate  is  formed ;  this  is  dissolved  in  as  little  sulphuric  acid  as 
possible,  saturated  with  hydrogen  sulphide  in  the  cold  and  5  gms. 
of  sodium  acetate  which  has  been  neutralized  with  acetic  acid  *  is 
added.  Carbon  dioxide  is  conducted  through  the  solution,  it  is 
heated  to  boiling,  filtered  hot,  washed  with  water  containing  hydro- 
gen sulphide,  ignited  wet  in  a  platinum  crucible,  and  weighed  as 
TiO,. 

Remark, — ^If  considerable  iron  is  present,  the  titanic  oxide  thus 
obtained  is  likely  to  contain  iron.  It  is  brought  into  solution 
again  by  fusing  with  potassium  pyrosulphate  and  the  precipitation 
is  repeated  exactly  as  before.  In  this  way  a  precipitate  free  from 
iron  is  obtained. 

2.  The  Chancel-Stromeyer  method  is  also  satisfactory.  The 
solution  from  the  pyrosulphate  fusion,  in  this  case  after  being 

♦  Cf.  foot-note  to  page  123. 
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neutralized  with  sodium  carbonate,  is  treated  with  an  excess  of 
sodium  thiosulphate.  diluted  to  about  400-500  c.c.  and  boiled  for 
some  time.  In  this  way  metatitanic  acid  and  sulphur  are  precipi- 
tated, while  iron  remains  in  solution.  During  the  filtration,  how- 
ever, the  finely  divided  sulphur  passes  through  the  filter,  so  that 
the  first  method  is  preferable.  In  the  presence  of  considerable 
iron  the  metatitanic  acid  obtained  by  this  method  is  also  contam- 
inated with  iron,  so  that  the  separation  must  be  repeated. 

Separation  of  Aluminium  from  Titanium. 

It  has  been  proposed  to  effect  this  separation  by  diluting  to  a 
considerable  voliune  the  slightly  acid  solution  of  the  melt  obtained 
by  the  potassium  pyrosulphate  fusion  and  boiling  for  some  time, 
thereby  precipitating  the  titanium  and  leaving  the  aluminium  in 
solution.  This  method,  however,  is  useless,  for  alumina  is  pre- 
cipitated with  the  metatitanic  acid  unless  the  solution  contains 
enough  acid  to  prevent  this  hydrolysis,  in  which  case  a  considerable 
amount  of  titanic  acid  remains  in  solution. 

The  best  separation  is  that  of  Gooch;*  it  consists  of  boiling  a 
solution  of  the  two  elements  containing  considerable  free  acetic 
acid  and  alkali  acetate;  by  this  means  all  of  the  titanium  and  none 
of  the  aluminium  is  precipitated.  If,  however,  the  amoimt  of 
aluminium  present  is  large  (as  is  usual  in  rock  analysis),  the  pre- 
cipitate will  contain  some  aluminium,  so  that  the  separation  must 
be  repeated.  In  no  case  is  there  danger  of  the  precipitation  of  the 
titanium  being  incomplete. 

In  practice  it  is  almost  always  necessary  to  separate  the  titanium 
not  from  aluminium  alone,  but  from  iron  and  aluminium,  so  that 
the  method  of  Gooch  will  be  described  for  this  more  general  case. 

The  solution  obtained  by  dissolving  the  pyrosulphate  melt  in 
cold  water  is  treated  with  three  times  as  much  tartaric  acid  as 
the  weight  of  the  oxides,  is  saturated  with  hydrogen  sulphide 
gas,  and  then  made  slightly  ammoniacal.  By  this  means  all  of  the 
iron  is  precipitated  as  ferrous  sulphide,  while  the  aluminium  and 
titanium  remain  in  solution.  The  ferrous  sulphide  is  filtered  off, 
the  filtrate  is  acidified  with  sulphuric  acid,  heated  to  boiling,  and 
the  precipitate  of  sulphur  and  platinum  sulphide  (the  latter  from 
the  platinum  crucible  in  which  the  fusion  with  p3rrosulphate  was 

*  Chemical  News,  52,  pp.  55  and  68. 
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made)  is  filtered  ofiF.  The  filtrate  is  boiled  to  expel  the  last  traces 
of  hydrogen  sulphide  and  the  tartaric  acid  is  destroyed  by  adding 
2J  times  as  much  potassium  permanganate  as  the  amount  of  tar- 
taric acid  present.  Sulphurous  acid  is  then  added  until  the  precipi- 
tated manganese  dioxide  is  redissolved,  after  which  a  slight  excess 
of  ammonia  is  added  and  then  7-10  c.c.  of  glacial  acetic  acid  for 
each  100  c.c.  of  solution.  The  solution  is  boiled  for  one  minute, 
the  precipitate  is  allowed  to  settle,  and  the  filtrate  is  decanted 
through  a  filter,*  transferred  to  the  filter,  washed  with  7  per  cent, 
acetic  acid  and  finally  with  hot  water.  The  dried  precipitate  is 
ignited  over  a  Bunsen  burner  for  from  fifteen  to  twenty  minutes 
and  then  weighed. 

The  precipitate  contains  manganese  and  aluminium,  so  that  it 
is  fused  with  three  times  as  much  sodium  carbonate.  The  melt 
(colored  green  by  the  manganese)  is  leached  with  cold  water,  leaving 
sodium  metatitanate  and  some  alumina  undissolved.  The  precipi- 
tate is  filtered  off  by  means  of  a  small  filter,  is  ignited  in  a  platinum 
crucible,  and  fused  again  with  a  liUle  sodium  carbonate.  After 
cooling,  the  contents  of  the  crucible  are  dissolved  in  1.9  c.c.  of 
sulphuric  acid  (1  vol.  cone.  H2S04:1  vol.  H3O)  diluted  to  about 
150-200  c.c.  and  treated  with  5  gm.  sodium  acetate  and  one-tenth 
of  its  volume  of  glacial  acetic  acid.  After  boiling  one  minute  and 
allowing  to  stand  until  settled,  the  precipitate  is  filtered  off,  washed 
with  7  per  cent,  acetic  acid,  then  Ynth  water,  dried,  ignited,  and 
weighed.  This  precipitate  usually  contains  aluminium,  so  that 
it  is  again  fused  with  sodium  carbonate  and  the  melt  again  treated 
with  sulphuric  acid,  etc.,  exactly  as  described  above.  This  time 
the  precipitate  is  usually  free  from  aluminium,  but  the  process 
should  be  repeated  until  a  constant  weight  is  obtained. 

This  analysis  does  not  require  much  time,  for  usually  the 
amount  of  titanium  present  is  so  small  that  the  precipitates  filter 
and  wash  quickly. 

For  the  determination  of  very  small  amoimts  of  titanium,  it  is 
advisible  to  use  the  colorimetric  method  proposed  by  Weller. 
Under  the  analysis  of  silicates  will  be  discussed  a  practical  ex- 
ample of  this  determination. 

*  Schleicher  &  Schiill's  filter-paper  No.  5S9  is  satisfactory  for  thb  pur- 
pose 
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.;r>  n«s^,  the  diy  residue  is  moistened  with 

*  ,x,    V  .^v\A\-io  acid  and  then  ^Ith  hot  water,  filtered 

.  .^  .*. .  *  VvY  xiiush^xl  with  hot  water,  and  the  filter  together 

s    vv.  ,,o  ^  \si'i:u\i  wet  in  a  platinum  crucible. 

V   .*v..  V,  .;  ;v»  vKnennine  the  amount  of  nickel  present  by 

.^      V  av\^'k\1  uuxtiure  in  a  current  of  hydrogen  over  the 

'v\  *!u«i  means  the  nickel  oxide  is  reduced  to  metallic 

s 

.     V. .    »%  t  .c  -vUo  jdlicA  is  unaffected.    After  allowing  to  cool  in 

.  .    .     .K.xj\Kix^  of  h\dn>gen,  the  crucible  is  again  weighed;  the 

.    .  \\v \^i\t  vvrrw|.H>mls  to  the  weight  of  the  oxygen  originally 

.V...  Mu\i  \uih  the  nickel.    If  the  loss  of  weight  amounted  to 

^.a.  il\o  vvn\*6ijK)nding  amount  of  nickel  maybe  calculated  as 

O    Ni 
16:58.7=p:x 

58.7 

(6)  If  the  nickelous  salt  is  precipitated  by  caustic  potash 
si>liit'K>n  without  the  addition  of  bromine,  apple-green  nickelous 
hydix^.xide  Ni(0H)2  is  precipitated,  which  is  very  difficult  to  filter, 
for  after  long  washing  a  turbid  filtrate  is  obtained,  which  is  not  the 
case  with  nickelic  hydroxide.  Furthermore  the  precipitate  alwajrs 
cuntaius  alkali  as  well  as  silica;  this  cannot  be  removed  by  wash- 
ing. The  precipitate  is,  therefore,  ignited,  the  alkali  is  then  dis- 
solved out  by  treatment  with  water,  the  precipitate  is  again  ignited 
and  weighed,  and  the  amount  of  silica  present  determined  as  above 
described. 

2.  Determination  of  Nickel  as  Metal  by  Electroljrsis. 

From  cuAd  solutions  nickel  is  not  deposited  by  a  current  of 
1-2  amperes. 

From  neutral  solutions  nickel  is  partly  deposited,  but  even  a 
small  amount  of  free  acetic  acid  prevents  this. 

From  alkaline  solutions  nickel  is  readily  deposited  and  on 
account  of  its  simplicity  and  accuracy  this  method  is  to  be  pre- 
ferred over  all  others  for  the  determination  of  nickel. 
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Method  of  Gibbs. 

Nickel  sulphate  or  chloride  (butnot  the  nitrate)  is  dissolved  in 
an  ammooiacal  solution  of  ammonium  sulphate  and  electrolyzed. 

RequiremenU  and  Procedure. — For  this,  as  well  as  for  all  other 
electrolytic  de1«rmiaatJons,  the  apparatus  shown  in  Fig.  30  may 
be  used. 


Fio.  30. 

B  represents  a  storage -battery,  which  is  found  to-day  in  almost 

all  analytical  laboratories.     The  current  is  led  first  through  the 

resistance  W,  from  here  to  the  decomposition  cell,   then  through 

the  known  resistance  S  (a  resistance  of  1  ohm  is  most  convenient 

to  use) ,  and  finally  back  to  the  battery.     In  order  that  the  strength 

of  the  current  can  be  measured  at  all  times,  the  two  binding-posts 

of  the  resistance  S  are  connected  with  the  mercury  cups  aa  of  the 

commutator  Q,  while  the  cups  W>  are  connected  with  the  sensitive 

voltmeter  V.    Since,  according  to  Ohm's  law,  the 

„,_.,,  ,      Electromotive  force 

Strength  of  eurrent=  —  „    ■  . > 

"  Resistance 

then  if  the  strength  of  the  current  is  expressed  in  amperes,  the 
electromotive  force  in  volts,  and  the  resistance  in  ohms,  we  have 

""If- 
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In  case  IF  »1  ohm,  then 

and  the  vcdtmeter  will  show  cUrectly  the  strength  of  the  cuirent 
(ampdres).  If  we  wish  to  know  the  di£Ference  in  potential  between 
the  two  electrodes  of  the  electrolytic  cell,  it  is  only  necessary  to  con- 
nect the  wires  q  and  p  with  the  anode  and  the  cathode  respectively » 
and  with  the  mercury-cups  cCy  then  by  reversing  the  commutator 
the  voltmeter  will  show  the  difference  in  potential  desired. 

The  resistance  W  is  prepared  by  taking  about  10  meters  of 
nickel  wire  of  about  ^  mm.  diameter,  stretching  it  on  a  board 
and  connecting  each  two  neighboring  lengths  by  means  of  a  wide 
brass  hook.  In  Fig.  30  only  one  such  hook  is  shown,  b.  By  moving 
this  connecting  hook  up  or  down  almost  any  desired  resistance 
may  be  obtained. 

The  electrolytic  ceUj  according  to  Classen,  should  consist  of  a 
200-c.a  platinum  dish  with  its  inside  surface  impolished,  to  serve 
as  the  cathode.  A  platinum  spiral,  such  as  is  shown  in  Fig.  26,  is 
usually  used  for  the  anode,  or  else  Classen's  "disk-electrode,'* 
made  out  of  a  circular  piece  of  platinum  foil  about  3.5-4  cm.  in 
diameter  and  riveted  to  a  piece  of  heavy  platinum  wire. 

The  determination  of  nickel  is  carried  out  as  follows:  For  every 
0.25-0.30  gm.  nickel,  present  as  sulphate  or  chloride,  but  not  as 
nitrate,  5-10  gm.  of  ammonium  sulphate  and  30-40  c.c.  of  concen- 
trated  ammonia  are  added,  and  the  solution  diluted  with  distilled 
water  to  a  volume  of  150  c.c.  This  solution  is  electroly  zed  at  the  room 
temperatrure  with  a  ciurent  of  0.5-1.5  amperes  and  an  electromotive 
force  of  2.8-3.3  volts.  The  electrolysis  is  finished  after  three  hours. 
If  the  solution  is  kept  at  a  temperature  of  from  50-60°  C.  only  about 
one  hour  is  necessary  for  the  deposition,  but  the  author  prefers  to 
work  with  cold  solutions.  The  deposited  metal  adheres  firmly  to  the 
electrode,  is  bright,  and  possesses  almost  the  color  of  platinum. 
After  the  current  has  passed  through  the  cell  for  about  three  hours, 
a  little  of  the  solution  is  removed  by  means  of  a  capillary  tube  and 
tested  with  ammonimn  sulphide  to  see  if  all  the  nickel  has  been 
deposited.  If  a  black  precipitate  is  not  formed,  the  nickel  is  shown 
to  be  absent. 

The  circuit  is  then  broken,  the  liquid  poured  off,  and  the  plat- 
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inum  dish  is  washed  first  with  water  and  then  with  absolute  alcohol 
(distilled  over  lime)  and  finally  with  ether,  allowed  to  remain  in 
the  hot  closet  at  95^  G.  for  one  minute  and  then  weighed.  The 
residts  are  accurate. 

(6)  Method  of  Classen.' 

As  electrolyte,  Classen  chooses  nickel-ammonium  oxalate. 

For  each  0.25-0.3  gm.  of  the  metal  as  sulphate,  5-6  gm.  of 
ammonium  oxalate  are  added  and  150  c.c.  of  water  and  the  solu- 
tion is  electrolyzed  with  a  current  of  1  ampere  at  a  temperature  of 
50-60**  C.  and  with  a  difference  in  potential  of  2.8-3.3  volts.  The 
metal  is  completely  deposited  in  four  hours,  or  if  the  solution  is 
kept  at  the  room  temperature,  in  about  six  hours.  If  a  weaker 
ciirrent  is  used,  the  nickel  is  deposited  equally  well,  but  it  is  advisa- 
ble in  this  case  to  increase  the  current  at  the  end  to  1-1.5  amperes 
in  order  to  remove  the  last  traces  of  nickel. 

The  deposited  nickel  is  bright  steel-gray  with  a  slight  reddish 
tinge.  It  is  washed  and  dried  exactly  as  described  under  (a). 
The  results  are  excellent. 

COBALT,  Co.  At.  Wt.  59. 
Forms:  Co,  C0SO4. 

I.  Determination  as  Metal. 

The  cobalt  solution  is  heated  to  boiling  in  a  porcelain  evaporat- 
ing-dish,and  the  cobalt  is  precipitated  as  black  cobaltic  hydroxide 
by  the  addition  of  caustic  potash  and  bromine  water.  The  pre- 
cipitate is  filtered  off,*  dried,  and  ignited.  After  cooling  it 
is  treated  with  water  in  order  to  remove  the  small  amount  of 
alkali  which  is  always  present,  after  which  the  residue  is  ignited 
in  a  stream  of  hydrogen  and  weighed  as  metal.  After  weighing, 
the  metal  is  dissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
the  dry  mass  moistened  with  hydrochloric  acid,  then  treated  ^vith 
water,  and  the  small  residue  of  silicic  acid  is  filtered  off.    This  resi- 

♦Cobaltic  hydroxide,  unlike  nickelic  hydroxide,  has  the  tendency  of 
giving  a  turbid  filtrate  on  washing.  If,  however,  Schleicher  &  Schiill's 
filter-paper  No.  5S9  (blue  band)  is  used,  none  of  the  precipitate  passes 
through. 
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due  is  ignited  and  its  weight  subtracted  from  that  obtained  after  the 
Ignition  in  hydrogen.  Cobalt  may  also  be  precipitated  as  cobaltous 
hydroxide  by  caustic  potash  alone,  but  the  resulting  precipitate 
is  not  so  easy  to  filter  and  wash  as  the  cobaltic  hydroxide.  The 
precipitation  by  means  of  sodiimi  carbonate  is  not  so  satisfactory. 
The  oxides  of  cobalt  when  ignited  in  air  yield  a  mixture  of  CoO 
and  CojO^  in  varying  proportions,  so  that  they  are  not  suited  for 
the  quantitative  determination  of  cobalt. 

« 

2*  Electrolytic  Determination  of  Cobalt. 

The  electrolytic  determination  of  cobalt  is  very  satisfactory 
and  the  method  of  procedure  is  exactly  as  was  described  under 
Nickel. 

3.  Determination  as  Sulphate. 

The  method  is  the  same  as  was  described  under  Manganese 
(p.  104). 

Zmc,  Zn.    At.  Wt.  66.4. 
Forms:  ZnO,  ZnS,  Zn. 

I.  Determination  as  Zinc  Oxide. 

The  carbonate,  nitrate,  acetate,  and  oxalate  of  zinc  are  readily 
and  quantitatively  changed  to  zinc  oxide  by  ignition  in  the  air; 
in  the  case  of  the  sulphate,  when  present  in  relatively  large  amounts, 
the  transformation  into  oxide  is  difficult.  Small  amoimts  of  the 
sulphate  may  be  changed  to  oxide  by  igniting  over  the  blast-lamp. 
It  is  advisable,  however,  in  case  the  zinc  is  present  as  sulphate,  to 
precipitate  it  from  the  aqueous  solution  as  sulphide  and  weigh  it 
as  such  according  to  2;  or  to  dissolve  the  sulphide  on  the  filter  in 
dilute  hydrochloric  acid,  receiving  the  solution  in  a  weighed  plati- 
num dish,  evaporating  to  dryness  on  the  water-bath,  and  changing 
to  oxide  by  the  method  of  Volhard  as  described  below,  and  weigh- 
ing as  such. 

The  chloride  is  readily  changed  to  oxide,  according  to  Volhard, 
by  gentle  ignition  with  piu*e  mercuric  oxide.  The  process  is  as 
follows:  The  neutral  solution  of  the  chloride,  contained  in  a 
platinum  dish,  is  treated  with  a  large  excess  of  pure  yellow  mer- 
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curie  oxide*  suspended  in  water  and  evaporated  to  dryness  on 
the  water-bath,  whereby  mercuric  chloride  and  zinc  oxide  are 
formed, 

ZnCla + HgO  =  ZnO  +  HgCl,, 

both  of  which  are  white  substances.  Enough  mercuric  oxide 
should  be  used  so  that  the  residue  obtained  after  the  evaporation 
is  noticeably  yellow. 

The  dry  mass  is  ignited  under  a  hood  with  a  good  draft  (on 
account  of  the  mercury  vapors  being  poisonous),  at  first  gently  and 
finally  strongly,  and  the  residue  of  zinc  oxide  is  weighed,  both 
mercuric  chloride  and  oxide  being  volatile.  The  results  are 
excellent. 

If  the  solution  contains,  besides  zinc,  also  alkalies,  the  zinc  can 
be  precipitated  as  carbonate  and  changed  to  oxide  upon  ignition. 
The  precipitation  of  the  zinc  carbonate  should  take  place  in  a 
porcelain  dish  and  the  sodiiun  carbonate  solution  should  be  added 
drop  by  drop  to  the  cold,  barely  acid  solution  free  from  anunonium 
salts.  The  sodium  carbonate  is  added  until  the  zinc  solution 
becomes  turbid,  when  it  is  heated  to  boiling,  whereby  the  greater 
part  of  the  zinc  is  precipitated  as  granular  zinc  carbonate.  Two 
drops  of  phenol-phthalein  solution  are  then  added  and  enough 
sodium  carbonate  solution  to  impart  a  distinct  pink  color.  In 
this  way  a  precipitate  of  zinc  carbonate  is  obtained  free  from  alkali, 
which  is  not  the  case  if  the  hot  solution  is  at  once  precipitated 
by  the  addition  of  an  excess  of  sodium  carbonate.f  The  precipitate 
is  filtered  from  the  hot  solution  and  washed  with  hot  water  imtil 
20  drops  of  the  filtrate  leave  no  residue  on  evaporation.  The  pre- 
cipitate is  dried,  the  greater  part  transferred  to  a  weighed  porce- 

*  The  mercuric  oxide  is  prepared  by  precipitating  a  solution  of  mercuric 
chloride  with  pure  caustic  potash.  The  precipitate  is  allowed  to  settle, 
~ washed  by  decantation  with  water  imtil  free  from  chloride,  'and  kept  sus- 
pended in  water  in  a  bottle  with  a  wide  neck.  A  considerable  amount  of 
the  mercuric  oxide,  say  5-10  gm.,  should  leave  no  weighable  residue  after 
ignition. 

t  In  case  considerable  amoimts  of  ammoniimi  salts  are  present  there 
may  be  no  precipitation.  Sodium  carbonate  should  then  be  added  until 
the  solution  is  slightly  alkaline  and  the  solution  boiled  until  all  the  ammonia 
is  expelled. 
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lain  crucible,  the  filter  burned  by  itself  in  a  platinum  spiral,  and 
the  ash  added  to  the  main  part  of  the  precipitate  in  the  crucible, 
which  is  ignited,  at  first  gently  and  finally  strongly,  over  a  Teclu 
burner  and  weighed*  after  cooling  in  a  desiccator. 

2.  Determination  as  Sulphide. 

This  determination  is  chosen  when  the  zinc  is  present  in  a 
solution  containing  ammonium  salts,  or  when  it  is  necessary  to 
separate  zinc  from  alkaline  earths,  alkaUes  or  metals  of  this  group. 
Zinc  sulphide  may  be  precipitated  from  ammoniacal  solutions,  or 
from  solutions  containing  free  acetic,  formic,  citric,  or  sulphocyanic 
acids. 

Precipitation  of  ZnS  from  Ammonia^  Solutions. 

The  slightly  acid  solution  is  placed  in  an  Erlenmeyer  flask 
and  treated  with  sodium  carbonate  solution  until  a  permanent 
precipitate  is  obtained.  This  is  dissolved  by  the  addition  of  a 
few  drops  of  ammonia,  after  which  for  every  100  c.c.  of  the  solution 
5  gms.  of  ammonium  acetate  (or,  better,  ammonium  thiocyanate) 
are  added,  followed  by  a  slight  excess  of  freshly  prepared  ammo- 
nium sulphide,  the  flask  is  nearly  filled  with  boiled  water,  stoppered 
and  allowed  to  stand  twelve  to  twenty-four  hours.  Without  dis- 
turbing the  precipitate,  the  clear  upper  liquid  is  poured  through  a 
Schleicher  &  Schiiirs  filter  No.  590.  The  precipitate  is  covered 
with  a  solution  containing  in  every  100  c.c.  5  gms.  of  ammonium  ace- 
tate (or  ammonium  thiocyanate)  and  2  c.c.  of  ammonium  sulphide 
solution,  shaken,  allowed  to  settle,  and  the  turbid  upper  liquid  is 
poured  through  the  filter,  taking  care  to  receive  the  filtrate  in  a 
fresh  beaker;  in  case  it  comes  through  turbid  it  is  poured  through 
the  filter  again.  The  decantation  is  repeated  three  times,  after 
which  the  precipitate  is  transferred  to  the  filter  and  washed  com- 
pletely with  the  above  solution,  taking  pains  to  keep  the  filter  full 
of  the  wash  liquid  during  the  entire  operation,  finally  washing  with 
water  containing  ammonium  sulphide  only.    The  precipitate  is 


*  If  the  solution  contains  sulphate,  the  precipitate  produced  by  sodium 
carbonate  always  contains  more  or  less  basic  zinc  sulphate,  which  may  easily 
lead  to  high  results.  In  the  presence  of  sulphates,  therefore,  it  is  advisable 
to  precipitate  the  zinc  as  sulphide  and  determine  it  as  such  according  to  2» 


SEPARATION  OF  MANGANESE,  ETC,  FROM  ALKALINE  EARTHS.  119 

then  dried,  transferred  as  completely  as  possible  to  a  weighed  Rose 
<;rucible,  the  filter  burned  by  itself  and  the  ash  added  to  the  main 
portion  of  the  precipitate.  The  precipitate  is  now  mixed  with  the 
aid  of  a  platinum  wire,  with  one-third  as  much  pure  sulphur,  covered 
with  a  layer  of  sulphur  and  heated,  as,  described  imder  Manganese 
(p.  108)  in  a  current  of  hydrogen.  The  crucible  is  finally  allowed 
to  cool  in  the  stream  of  hydrogen  and  from  the  weight  of  the 
2inc  sidphide  the  weight  of  zinc  present  is  calculated, 

ZnS:Zn=p:S 

Bnd  if  a  is  the  amount  of  the  original  substance,  then  the  per  cent, 
of  zinc  is 

Zn  ,^w. 

100  Zn  p     ^    . 

ZnS     a 

3.  Electrolytic  Determination  of  Zinc. 

Zinc  may  be  determined  electrolytically  from  a  solution  of  the 
<5omplex  alkali  cyanides,  as  well  as  from  a  solution  of  the  am- 
monium double  oxalate.  It  is  difficult,  however,  to  obtain  good 
deposits,  so  that  the  author  hesitates  to  recommend  the  method. 
For  further  details  consult  "Theorie  und  Praxis  der  analytischen 
Electrolyse  der  MetaDe,"  by  B.  Neumann. 

Separation  of  Makganese,  Nickel,  Cobalt,  and  Zinc  from 

THE  Alkaline  Earths. 

The  separation  depends  upon  the  insolubility  of  the  sulphides 
of  the  metals  of  this  group  and  the  solubility  of  the  sulphides  of 
the  alkaline  earths. 

Procedure. — ^The  neutral  solution  of  the  chlorides,  contained 
in  an  Erlenmeyer  flask,  is  treated  with  ammonium  chloride  (in 
case  it  is  not  already  present)  and  freshly-prepared  colorless 
ammonium  sulphide  solution  is  added  drop  by  drop  until  no 
further  precipitation  takes  place  and  the  liquid  has  a  distinct 
odor  of  ammoniimi  sulphide.    The  flask  is  then  almost  completely 
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lain  crucible,  the  filter  burned  by  itself  in  a  platinum  spiral,  and 
the  ash  added  to  the  main  part  of  the  precipitate  in  the  crucible, 
which  is  ignited,  at  first  gently  and  finaUy  strongly,  over  a  Teclu 
burner  and  weighed*  after  cooling  in  a  desiccator. 

2.  Determination  as  Sulphide. 

This  determination  is  chosen  when  the  zinc  is  present  in  a 
solution  containing  ammonium  salts,  or  when  it  is  necessary  to 
separate  zinc  from  alkaline  earths,  alkalies  or  metals  of  this  group. 
Zinc  sulphide  may  be  precipitated  from  ammoniacal  solutions,  or 
from  solutions  containing  free  acetic,  formic,  citric,  or  sulphocyanic 
acids. 

Precipitation  of  ZnS  from  Ammoniacal  Solvlions. 

The  slightly  acid  solution  is  placed  in  an  Erlenmeyer  flask 
and  treated  with  sodium  carbonate  solution  imtil  a  permanent 
precipitate  is  obtained.  This  is  dissolved  by  the  addition  of  a 
few  drops  of  ammonia,  after  which  for  every  100  c.c.  of  the  solution 
5  gms.  of  ammonium  acetate  (or,  better,  ammonimn  thiocyanate) 
are  added,  followed  by  a  slight  excess  of  freshly  prepared  ammo- 
nium sulphide,  the  flask  is  nearly  filled  with  boiled  water,  stoppered 
and  allowed  to  stand  twelve  to  twenty-four  hours.  Without  dis- 
turbing the  precipitate,  the  clear  upper  liquid  is  poured  through  a 
Schleicher  &  SchiiU's  filter  No.  590.  The  precipitate  is  covered 
with  a  solution  containing  in  every  100  c.c.  5  gms.  of  ammonium  ace- 
tate (or  ammonium  thiocyanate)  and  2  c.c.  of  ammonium  sulphide 
solution,  shaken,  allowed  to  settle,  and  the  tiu-bid  upper  liquid  is 
poured  through  the  filter,  taking  care  to  receive  the  filtrate  in  a 
fresh  beaker;  in  case  it  comes  through  turbid  it  is  poured  through 
the  filter  again.  The  decantation  is  repeated  three  times,  after 
which  the  precipitate  is  transferred  to  the  filter  and  washed  com- 
pletely with  the  above  solution,  taking  pains  to  keep  the  filter  full 
of  the  wash  liquid  during  the  entire  operation,  finally  washing  with 
water  containing  ammonium  sulphide  only.    The  precipitate  is 

*  If  the  solution  contains  sulphate,  the  precipitate  produced  by  sodium 
carbonate  always  contains  more  or  less  basic  zinc  sulphate,  which  may  easily 
lead  to  high  results.  In  the  presence  of  sulphates,  therefore,  it  is  advisable 
to  precipitate  the  zinc  as  sulphide  and  determine  it  as  such  according  to  2. 
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then  dried,  transferred  as  completely  as  possible  to  a  weighed  Rose 
crucible,  the  filter  burned  by  itself  and  the  ash  added  to  the  main 
portion  of  the  precipitate.  The  precipitate  is  now  mixed  with  the 
aid  of  a  platinum  wire,  with  one-third  as  much  pure  sulphur,  covered 
with  a  layer  of  sulphur  and  heated,  as  described  under  Manganese 
<p.  108)  in  a  current  of  hydrogen.  The  crucible  is  finally  allowed 
to  cool  in  the  stream  of  hydrogen  and  from  the  weight  of  the 
2inc  sulphide  the  weight  of  zinc  present  is  calculated, 

ZnS:Zn=p:S 

Q    2;n 

-and  if  a  is  the  amount  of  the  original  substance,  then  the  per  cent, 
of  zinc  is 

ZnS  '^ 

100  Zn  p     ^    . 

x=-=-Q— •-=%  zmc. 
ZnS     a 

3.  Electrolytic  Determination  of  Zinc. 

Zinc  may  be  determined  electrolytically  from  a  solution  of  the 
<^mplex  alkali  cyanides,  as  well  as  from  a  solution  of  the  am- 
monium double  oxalate.  It  is  difficult,  however,  to  obtain  good 
deposits,  so  that  the  author  hesitates  to  recommend  the  method. 
For  further  details  consult  "Theorie  und  Praxis  der  analytischen 
Electrolyse  der  Metalle,"  by  B.  Neumann. 

Separation  of  Manganese,  Nickel,  Cobalt,  and  Zinc  from 

THE  Alkaline  Earths. 

The  separation  depends  upon  the  insolubility  of  the  sulphides 
of  the  metals  of  this  group  and  the  solubility  of  the  sulphides  of 
the  alkaline  earths. 

Procedure, — ^The  neutral  solution  of  the  chlorides,  contained 
in  an  Erlenmeyer  flask,  is  treated  with  ammoniiun  chloride  (in 
case  it  is  not  already  present)  and  freshly-prepared  colorless 
ammonium  sulphide  solution  is  added  drop  by  drop  imtil  no 
further  precipitation  takes  place  and  the  liquid  has  a  distinct 
odor  of  ammonium  sulphide.    The  flask  is  then  almost  completely 


laa  GRAVIMETRIC  ANALYSIS. 

Free  acid  and  a  basic  salt  are  formed  by  this  hydrolysis^  the  com- 
position of  the  latter  depending  upon  the  mass-action  of  the  water 
and  the  temperature.  If  the  free  acid  is  removed  by  the  addition 
of  bariiun  carbonate,  the  equilibriiun  is  disturbed  and  the  hydrolysis 
goes  further  until  finally  the  insoluble  hydroxide  is  formed: 

Fe(OH)ci, + 2H0H = 2HC1  -f  Fe(OH),. 

The  bariuin  carbonate,  then,  serves  only  to  neutralize  the  acid 
set  free  by  the  hydrolysis,  and  the  total  reaction  is  expressed 
by  the  following  equation: 

2F^il-h6H6H-h8BaCO,^3BacU2Fe(OH),-f  3^0'^^  > 

The  salts  of  the  bivalent  metals  are  not  subject  to  this  hy- 
drolysis in  the  cold,  consequently  they  are  not  precipitated  by 
the  addition  of  bariiun  carbonate.  On  warming,  however,  they 
are  hydrolyzed  to  an  appreciable  extent  and  are  then  precipitated 
by  barium  carbonate. 

Procedure, — Sodium  carbonate  solution  is  added  drop  by  drop 
to  the  slightly  acid  solution  of  the  chlorides  or  nitrates,  but  not 
the  sulphates,*  of  the  metals,  in  an  Erlenmeyer  flask  until  a  slight, 
permanent  tvirbidity  is  produced,  which  is  then  redissolved  by 
the  addition  of  a  few  drops  of  dilute  hydrochloric  acid.  The 
solution  is  diluted  and  treated  with  pure  barium  carbonate  t 
(suspended  in  water)  until  after  thoroughly  shaking  an  excess  of  the 
latter  remains  on  the  bottom  of  the  flask.  The  flask  is  closed 
and  allowed  to  stand  for  several  hours  with  frequent  shaking.  The 
clear  liquid  is  then  decanted  off,  the  residue  treated  with  cold 
water  and  again  decanted.  This  decantation  is  repeated  three 
times,  after  which  the  precipitate  is  transferred  to  the  filter  and 
completely  washed  with  cold  water.  The  precipitate  contains  all 
of  the  iron,  aliuninium,  chromium,  titanium,  and  uranium  in  the 
presence  of  the  excess  of  barium  carbonate.  The  filtrate  contains 
the  bivalent  metals  and  barium  chloride. 

The  precipitate  is  dissolved  in  dilvie  hydrochloric  acid,  boiled 

*  Barium  carbonate  will  precipitate  the  bivalent  metals  when  sulphates 
are  present,  e.g. : 

ZnSO,  +  BaCO,  -=  ZnCOj-f  BaSO^. 
t  The  barium  carbonate  must  be  free  from  alkali  carbonate. 
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to  remove  the  carbon  dioxide,  and  the  iron,  aluminium,  chromium 
{titanimn  and  lu'anium)  are  separated  from  the  barium*  by  double 
precipitation  with  ammonimn  sulphide  as  described  on  p.  119. 
The  iron,  alimiiniimi,  chromiiim  (titanium  and  uranium)  are  sepa- 
rated from  one  another  as  described  on  pp.  99  and  100. 

The  filtrate  from  the  barium  carbonate  precipitation  is  freed 
from  barium  by  the  addition  of  sulphuric  acidf  to  the  boiling 
solution  after  it  has  been  made  acid  with  hydrochloric  acid.  The 
barium  sulphate  is  filtered  off  and  the  monoxides  are  separated 
from  one  another  as  described  on  p.  125. 

Rejnark. — ^The  above  separation  of  the  sesquioxides  from  the 
protoxides  is  not  absolutely  certain  in  the  presence  of  nickel  and 
<X)balt.  In  this  case,  particularly  when  considerable  iron  is  pres- 
ent) the  precipitate  produced  by  bariiun  carbonate  contains  small 
amounts  of  nickel  and  cobalt.  This  difficulty  can  be  overcome, 
however,  by  adding  ammonium  chloride  to  the  solution  (3-5  gms. 
for  each  100  c.c.  of  solution)  before  precipitating  with  barium 
carbonate;  the  separation  is  then  satisfactory. 

SEPARATION  OF  IftON,  ALUMIIIIXTM    AND  TtTANIUM  (BUT  NOT 

Chromium  and  UIranium)  from  Manganese,  BIckel, 

COBALT,  AND  ZiNC. 

2.  Basic  Acetate  Method. 

The  slightly  acid  solution  of  the  chlorides,  contained  in  a  large 
"beaker,  ia  treated  with  sodimn  carbonate  solution  in  the  cold  until 
a  slight  permanent  opalescence  is  obtained,  which  is  then  redis- 
solved  by  the  addition  of  a  few  drops  of  dilute  hydrochloric  acid. 
About  5  gms.  of  sodium  J  or  ammonium  acetate  are  added,  the  solu- 
tion diluted  to  600-700  c.c.  for  each  0.^-0.5  gm.  Fe,  after  which 
it  is  boiled  for  one  minute,  the  flame  removed  (the  precipitate 


*Most  authorities  recommend  precipitating  the  barium  first  with  sul- 
phuric acid  and  then  separating  the  iron,  aluminium,  etc.  The  precipitate 
of  barium  sulphate  always  contains  small  amounts  of  the  heavy  metals, 
so  that  the  author  prefers  the  above  procedure. 

t  Or,  better,  by  double  precipitation  with  ammonimn  sulphide. 

}  Sodium  acetate  often  contains  sodiima  carbonate  and  its  solution  tkea 
reacts  alkaline.  In  this  case  it  should  be  dissolved  in  water  and  made 
Blightly  acid  with  acetic  acid  before  adding  it  to  the  solution. 
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becomes  slimy  on  long  boiling),  the  precipitate  aUowed  to  settle 
and  filtered  hot,  being  washed  three  times  by  decantation  with 
boiling  water  containing  ammoniimi  or  sodium  acetate.  The  pre- 
cipitate is  then  dissolved  in  as  little  hydrochloric  acid  as  possible 
and  the  above  process  repeated.  The  second  precipitate  after 
being  filtered  and  washed  is  dissolved  in  hydrochloric  acid  and 
the  iron  and  aluminium  separated  as  described  on  p.  94.  The 
combined  filtrates  containing  the  monoxides  are  acidified  with 
10-20  c.c.  of  concentrated  hydrochloric  *  acid,  evaporated  almost 
to  dryness,  dissolved  in  a  little  water,  the  manganese,  nickel,  cobalt, 
and  zinc  precipitated  by  ammonium  sulphide  as  described  on 
p.  119,  and  analyzed  according  to  p.  125. 

Remark, — ^This  procedure  requires  practice.  It  is  especially 
suited  for  the  separation  of  iron  and  titanium  from  the  protoxides; 
Ihe  separation  is  usually  less  satisfactory  with  aluminium,  so  that 
in  case  considerable  amounts  of  the  latter  are  present,  the  barium 
carbonate  separation  is  to  be  preferred. 

separation  of  iron  and  aluminium  from  manganese, 

Nickel,  Cobalt,  and  Zinc. 

3.  Sodium  Succinate  Method. 

This  method,  applicable  for  the  separation  of  large  quantities 
of  iron  from  small  quantities  of  manganese,  nickel,  etc.,  is  based 
upon  the  fact  that  ferric  iron  is  quantitatively  precipitated  from 
neutral  solutions  as  light-brown  ferric  succinate  by  the  addition  of 
neutral  alkali  succinate  solution,  while  manganese,  nickel,  etc., 
remain  in  solution. 

Procedure, — In  case  the  solution  contains  free  acid  and  all  the 
iron  is  in  the  ferric  form,  it  is  neutralized  with  ammonia  until  a 
reddish-brown  coloration  is  formed,  when  sodiiun  or  ammonium 
acetate  is  added  until  the  color  becomes  a  deep  brown,  and  then  the 
solution  of  alkali  succinate,  after  which  the  mixture  is  warmed 
gently,  allowed  to  cool,  filtered,  and  washed  at  first  with  cold  water, 
then  with  warm  water  containing  ammonia,  until  20  drops  of  the 

*  In  order  to  prevent  precipitation  of  difficultly  soluble  manganese 
dioxide. 
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filtrate  leave  no  residue  when  evaporated  to  dryness  on  platinum. 
By  means  of  the  washing  with  ammonia,  the  ferric  succinate  is 
changed  to  ferric  hydroxide  which  is  dried  and  weighed  as  ferric 
oxide  after  ignitioa  in  a  porcelain  crucible.  If  aluminium  is  present, 
the  ignited  residue  is  further  analyzed  as  described  on  p.  94.  The 
bivalent  metals  in  the  filtrate  are  best  precipitated  by  the  addition 
of  ammonium  eulphide  and  analyzed  as  follows: 

SEPARATION   OF    THE   BlVJaENT   METALS  OF  THE  AMMOinUM 

Sulphide  Grottp  from  One  Another. 

Separation  of  Zinc  from  Nickel,  Cobalt,  and  Manganese. 

All  methods  for  this  separation  rest  upon  the  slight  solubility 
of  zinc  sulphide  and  the  ready  solubility  of  the  remaining  sulphides 
in  their  «tate  of  formation.*  At  this  point  it  may  be  well  to  say 
a  few  words  with  regard  to  the  most  recent  explanation  of  the 
process  that  takes  plac&  in  the  solution  of  electrolytes. 

Solubility  Product. 

Inasmuch  as  no  substance  is  absoliUely  insoluble  in  water,  it 
follows  that  in  every  case  where  a  precipitate  is  produced  the  solu- 
tion is  saturated  with  the  substance  and  (according  to  Ostwald)  in 
the  case  of  difficultly  soluble  substances  the  dissolved  portion  is 
practically  completely  dissociated  electrolyticaUy.  The  binary  sub- 
stance Af  consisting  of  the  elements  B  and  C,  is  decomposed  in 
aqueous  solution  according  to  this  scheme: 

A^B+C. 

If  the  concentrations  of  the  ions  B  and  C  are  designated  by  6  and 
€,  and  that  of  the  undissociated  portion  by  a,  then  according  to 
the  mass-action  law  the  following  relation  holds  for  any  given 
temperature: 

be 


a 


=  constant. 


♦  Nickel  and  cobalt  sulphides  when  once  formed  are  insoluble  in  dilute 
acids.  These  substances  probably  exist  in  two  allotropic  modifications, 
of  which  one  is  soluble  and  the  other  insoluble.  The  soluble  form  has 
never  been  isolated. 
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Every  increase  of  6  or  c  causes,  therefore,  an  increase  of  a,  and, 
as  the  solution  is  already  saturated  with  A,  this  will  produce 
precipitation  of  the  substance. 

This  product  (6-c),  which  if  exceeded  causes  a  supersaturatioa 
of  the  solution,  and  consequently  precipitation,  is  called  the  solu- 
bUity  jjrodud.  If,  therefore,  in  any  solution  the  solubility  product 
is  already  reached,  then  the  solution  is  saturated  with  respect  to- 
the  substance  A,  and  if  the  solubility  product  is  not  reached  thea 
the  liquid  exerts  a  solvent  action  upon  the  solid  substance. 

Ezpianation  of  the  Solution  of  Sulphides  in  Acids. 

According  to  the  above  theory,  the  solution  of  a  sulphide  (e.g.,. 
zinc  sulphide)  in  acid  is  conceived  to  take  place  as  follows: 

On  treating  the  solid  sulphide  with  water,  a  part  of  the 
salt  is  dissolved  until  the  solubility  product  is  reached.  This 
almost  inappreciable  amount  is  practically  completely  dissociated 
into  ions.  On  adding  acid  to  the  solution,  the  positive  hydrogen 
ions  unite  with  the  negative  sulphur  ions  to  form  neutral  hydrogen 
sulphide,  which  being  a  very  weak  acid  is  only  dissociated  to  a. 
slight  extent,  so  that  sulphur  ions  d  sappear  from  the  soluti(,n 
and  the  solubility  product  of  zinc  sulphide  is  no  longer  reached: 

I.  ZnsV2Hci=H2S+ZnCi,. 

The  liquid,  therefore,  dissolves  more  of  the  solid  zinc  sulphide  and 
the  above  reaction  again  takes  place  and  this  process  is  repeated 
tintil  all  of  the  zinc  sulphide  is  brought  into  solution.  The  solu- 
bility of  a  sulphide  in  acid,  therefore,  is  proportional  to  its  solubility 
product  and  to  the  concentration  of  the  hydrogen  ions.  If  we, 
then,  desire  to  precipitate  zinc  by  means  of  hydrogen  sulphide 
from  a  neutral  solution  of  an  inorganic  compound,  the  following 
consideration  shows  us  how  this  may  be  accomplished:  If  hydro- 
gen sulphide  is  conducted  into  a  solution  containing  zinc  com- 
bined with  a  mineral  acid,  the  zinc  is  indeed  precipitated,  but  as 
the  amount  of  zinc  sulphide  formed  increases,  there  is  an  increase 
in  the  concentration  of  the  hydrogen  ions: 

SH* 
II.  ZnCl2  4-2HSH  =  Zn<^        H-2HC1. 

\SH 

*  The  Zn(SH),  is  at  once  decomposed  into  ZnS  and  H^S* 
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The  precipitation  is,  therefore,  incomplete.  It  can  be  made 
complete,  however,  if  we  can  avoid  this  increase  in  the  concentra- 
tion of  the  hydrogen  ions.  This  can  take  place  by  replacing  the 
mineral  acid  formed  by  a  weaker  acid,  i.e.  one  which  is  only  slightly 
dissociated,  so  that  the  solution  will  contain  fewer  hydrogen  ions.  • 

The  following  methods  depend  upon  this  principle. 

Method  of  Smith  and  Brunner.* 

Procedure, — ^The  hydrochloric  acid  solution  of  the  four  metals 
is  treated  with  sodiimi  carbonate  until  a  permanent  precipitate  is 
formed,  which  is  redissolved  by  the  addition  of  a  few  drops  of  very 
dilute  hydrochloric  acid.  Into  this  almost  neutral  solution  hydro- 
gen sulphide  is  passed  for  five  minutes,  then  a  few  drops  of  a  very 
dilute  solution  of  sodium  or  ammoniiun  acetate  are  added  and  the 
solution  is  saturated  with  hydrogen  sulphide,  allowed  to  stand 
overnight,  filtered,  and  washed  with  hydrogen  sulphide  water  whic^i 
contains  in  every  100  c.c.  2  gms.  of  ammonium  salt  (either  the  chlo- 
ride, sulphate,  or  sulphocyanate).  The  zinc  is  then  determined 
either  as  oxide  or  sulphide  according  to  the  methods  described 
on  pp.  116  and  118. 

Remark. — Inasmuch  as  the  exact  amount  of  acid  to  be  set  free 
is  imknown,  it  is  impossible  to  tell  exactly  how  much  alkali  acetate 
is  necessary,  and  herein  lies  the  chief  difficulty.  If  too  much  alkali 
acetate  is  added,  some  nickel  or  cobalt  sulphide  may  be  precipitated 
(shown  by  the  gray  color  of  the  zinc  precipitate).  If  not  enough 
alkali  acetate  is  added,  the  zinc  will  not  be  completely  precipitated* 
The  following  separation  is  more  certain. 

Method  of  CI.  Zimmennan.t 

Procedure. — ^The  weakly  acid  solution  is  treated  with  sodium 
carbonate  solution  until  a  permanent  precipitate  is  formed,  which 
is  redissolved  by  the  addition  of  a  few  drops  of  very  dilute  hydro- 
chloric acid,  then  for  every  80  c.c.  of  the  solution  10,  or  at  the  most 
15,  drops  of   double-normal    hydrochloric  acid,J  and  10  c.c.  of 

♦Chem.  Centralbl.,  1895,  26. 

t  Ann.  d.  Chem.  u.  Pharm.,  199  (1879),  p.  3;  204  (1880),  p.  226. 

X  The  addition  of  hydrochloric  acid  is  in  all  cases  necessary,  because  other- 
wise nickel  sulphide  will  be  precipitated  with  the  zinc  sulphide,  especially 
when  considerable  nickel  and  little  zinc  are  present. 
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ammonium  sulphocyanate  (1:5)  solution  are  added,  after  which  the 
solution  is  heated  to  about  70**  C.  and  is  saturated  with  hydrogen 
sulphide.  At  first  the  solution  becomes  only  slightly  turbid,  but 
after  some  time  pure  white  zinc  sulphide  is  thrown  down  in  clouds, 
constantly  becoming  denser.  After  the  solution  has  become  sat- 
urated with  hydrogen  sulphide,  the  beaker  is  covered  and  allowed 
to  stand  in  a  moderately  warm  place  until  the  precipitate  has  set- 
tled and  the  upper  liquid  is  clear,  after  which  the  precipitate  is 
filtered  and  washed,  as  described  in  the  method  of  Smith  and 
Brunner. 

From  the  filtrate  nickel,  cobalt,  and  manganese  are  precipitated 
by  means  of  ammonium  sulphide,  filtered  and  separated  according 
to  the  following  methods. 

Remark, — ^What  is  the  part  played  by  the  ammonium  sul- 
phocyanate in  this  determination?  Certainly  it  cannot  act  the 
same  as  the  anmionium  acetate  in  the  Smith-Brunner  method,  for 
sulphocyanic  acid  is  not,  like  acetic  acid,  a  weak  acid,  but  a  very 
strong  one,  almost  as  strong  as  hydrochloric  acid  itself,  and  the 
dissociation  of  strong  acids  is  only  slightly  influenced  by  the  ao  li- 
tion  of  their  neutral  salts. 

Ammonium  sulphocyanate  probably  simply  "salts  out"  the 
zinc  sulphide  (cf.  Vol.  I,  p.  71). 

By  the  action  of  hydrogen  sulphide  upon  the  zinc  salt,  zinc  sul- 
phide is  produced  both  in  the  hydrogel  and  hydrosol  forms  and  the 
ammonium  sulphocyanate  changes  the  latter  into  the  insoluble 
hydrogel.  If  this  explanation  is  correct,  the  separation  of  zinc 
from  nickel,  etc.,  will  succeed  equally  well  if  the  ammonium  sul- 
phocyanate is  replaced  by  ammonium  chloride  or  ammonium  sul- 
phate.   That  this  is  the  case  is  shown  by  the  following  method, 

''Salting-out  Method." 

Experiments  were  performed  by  G.  H.  Kramers  in  order  to 
determine  whether  the  separation  of  zinc  from  nickel  and  cobalt 
could  be  accomplished  in  weakly  acid  solutions  by  hydrogen  sul- 
phide after  the  addition  of  any  anmionium  salt  of  a  strong  acid.* 
The  results  obtained  showed  this  to  be  possible. 

Procedure, — ^The  solution  containing  the  nickel  and  zinc  either 

*  Or  any  other  aalt,  e.g.,  a  potassium  salt. 
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in  the  form  of  sulphate  or  chloride  (the  sum  of  the  oxides  present 
amounting  to  about  \  per  cent,  of  the  weight  of  the  solution)  is 
treated  with  8-10  drops  of  double-normal  hydrochloric  acid  and 
about  2  per  cent,  of  ammonium  sulphate  (referred  to  the  total 
amount  of  liquid)  and  the  solution  is  saturated  at  50**  C.  with 
hydrogen  sulphide;  the  warm  solution  is  allowed  to  stand  until  the 
pure  white  precipitate  of  zinc  sulphide  has  settled  out  and  is  then 
treated  exactly  as  described  under  the  Method  of  Zimmerman. 

Results, — In  the  following  experiments  a  zinc  sulphate  solution 
containing  5.890  gms.  zinc  to  the  liter  and  a  solution  of  nickel  sul- 
phate containing  5.320  gms.  nickel  to  the  liter  were  used. 
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Separation  of  Manganese  from  Nickel  and  Cobalt. 

The  solution  of  the  chlorides  or  sulphates  is  treated  with  an 
excess  of  sodium  carbonate,  strongly  acidified  with  acetic  acid, 
and  for  each  gram  of  nickel  or  cobalt  present  5  gms.  of  ammonium 
acetate  are  added,  the  solution  is  diluted  to  100-200  c.c,  heated  to 
70-80®  C,  satiu-ated  with  hydrogen  sulphide,  filtered,  and  washed 
with  hot  water.  The  manganese  is  in  the  filtrate,  and  the  nickel 
and  cobalt  are  in  the  precipitate. 

Remark. — ^The  filtrate  often  contains  small  amounts  of  nickel 
and  cobalt.  In  order  to  remove  these  metals,  the  solution  should  be 
concentrated  and  colorless  ammonium  sulphide  added.    It  is  then 
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made  slightly  acid  with  acetic  acid,  warmed,  and  filtered.  In 
case  a  precipitate  of  nickel  or  cobalt  sulphides  is  formed  by 
this  treatment,  the  filtrate  is  again  tested  in  the  same  way  and  the 
process  repeated  until  no  further  precipitation  is  produced. 

Separation  of  Cobalt  from  Nickel. 

(a)  Fisher's  Potassium  Nitrite  Method* 

The  concentrated  solution  containing  salts  of  both  metals  is 
treated  with  pure  potassium  hydroxide  to  alkaline  reaction,  made 
slightly  acid  with  acetic  acid,  and  to  this  a  concentrated  solution 
of  pure  potassium  nitritef  that  has  been  made  slightly  acid  ^v^th 
acetic  acid  is  added.  After  vigorous  stirring,  the  mixture  is 
allowed  to  stand  twenty-four  hours  in  a  warm  place.  Before  filter- 
ing, a  little  of  the  clear  solution  is  pipetted  off  and  treated  with 
more  potassium  nitrite  to  see  if  the  precipitation  of  the  cobalt 
has  been  complete.  If  a  precipitate  is  formed,  the  whole  solution 
is  treated  with  more  potassium  nitrite  and  again  allowed  to  stand 
until  complete  precipitation  is  effected.  The  precipitate  is  then 
filtered  and  washed  with  a  barely  acid  5  per  cent,  solution  of  potas- 
sium nitrite  J  imtil  1  c.c.  of  the  filtrate  after  being  boiled  with 
hydrochloric  acid  and  treated  with  caustic  potash  and  bromine 
water  no  longer  gives  a  black  precipitate  of  nickelic  hydroxide. 
The  cobalt  precipitate  is  then  transferred  by  means  of  a  spatula 
to  a  porcelain  dish,  covered,  and  hydrochloric  acid  is  gradually 
added  until  there  is  no  further  evolution  of  nitric  oxide,  after  which 
the  cobalt  is  precipitated  by  means  of  caustic  potash  and  bromine 
water  and  determined  as  described  on  p.  115. 

♦  Pogg.  Annal ,  72,  477 ;  see  also  Fresenius,  Quantitative  Analysis. 

t  Commercial  95  per  cent,  potassium  nitrite  often  contains  small  amounts 
of  potassium  silicate,  and  on  acidifying  with  acetic  acid  flocks  of  silicic  acid 
are  precipitated,  which  must  be  filtered  off  before  using. 

X  It  is  usually  stated  that  the  precipitate  should  be  washed  with  a  10  per 
cent,  potassium  acetate  solution  to  which  a  little  potassium  nitrite  has  been 
added.  Potassium  acetate  is  chosen  because  it  can  be  afterwards  removed 
by  washing  with  alcohol,  which  is  necessary  according  to  the  method  of 
Brauner,  Zeit.  f.  anal.  Chem.,  16,  195  (potassium  acetate  is  readily  soluble 
in  alcohol,  but  potassium  nitrite  only  difficultly  so).  If,  however,  the  above- 
described  procedure  is  used  it  is  not  necessary  to  remove  the  excess  of  the 
potassium  salt. 
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The  filtrate  containing  the  nickel  is  treated  with  hydrochloric 
acid  until  the  nitrite  is  completely  decomposed,  and  the  nickel  is 
then  precipitated  as  black  nickelic  hydroxide  by  caustic  potash 
and  bromine  water,  filtered,  washed,  and  changed  to  the  metal  as 
described  on  p.  111. 

Remark. — ^This  method  gives  reliable  results  provided  the 
solution  is  free  from  alkaline  earths.  In  the  latter  case  the  nickel 
and  alkaline-earth  metals  are  precipitated  with  the  cobalt.  (Cf. 
Vol.  I,  p.  131.) 

(6)  Liebig's  Potassium  Cyanide  Method* 

This  method  is  based  upon  the  diflerent  behavior  of  the  com- 
plex cyanogen  compounds  of  both  metals  towards  bromine  or 
chlorine  in  alkaline  solution.     (Cf.  Vol.  I,  pp.  130  and  135.) 

Procedure. — The  neutral  solution,  which  may  contain  only 
nickel,  cobalt,  and  the  alkalies,  is  treated  with  an  excess  of  purest 
98  per  cent,  potassium  cyanide  and  5  gms.  of  pure  potassium  hy- 
droxide, after  which  bromine  water  is  added,  with  constant  stirring, 
imtil  no  more  nickelic  hydroxide  is  precipitated.  Care  must  be 
taken  that  the  solution  remains  strongly  alkaline  until  the  end 
of  the  process;  upon  this  point  depends  the  success  of  this  excellent 
method.  When  the  precipitation  is  complete,  the  solution  is 
diluted  with  cold  water  and  the  nickel  determined  as  metal,  as 
described  on  p.  112. 

The  cobalt  remains  in  the  filtrate  as  potassium  cobalticyanide. 
After  the  addition  of  dilute  sulphuric  acid,  the  solution  is  evapo- 
rated as  far  as  possible  on  the  water-bath,  a  little  concentrated 
sulphuric  acid  is  added,  and  the  residue  is  heated  over  a  free  flame 
imtil  dense,  white  fumes  are  evolved  and  the  effervescence  has 
ceased: 

2K,Co(CN),4-  12H3SO,+  I2H2O- 

2C0SO,  +  3X280,4-  llCO-f  COj-f  6(NH0,SO,-f  SO3. 

After  cooling,  the  residue  is  dissolved  in  water,  the  cobalt  pre- 
cipitated by  the  addition  of  bromine  water  and  potassium  hydrox- 
ide, filtered,  dried,  and  determined  as  metal  according  to  p.  115. 


♦  Ann.  d.  Chem.  u.  Pharm.,  66,  244;  87,  128. 
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(c)  l/iebi^'s  Mercuric  Oxide  Method. 

In  this  method  advantage  is  taken  of  the  fact  that  potassiiun 
nickelocyanide;  like  ahnost  all  other  complex  cyanogen  compounds, 
is  decomposed  by  mercuric  oxide,  whereas  potassium  cobalticy  anide, 
on  the  contrary,  is  imaffected: 

K,Ni(CN), + 2HgO  -f  2H,0 = Ni(OH),  -f  2K0H  4-  2Hg(CN),. 

Procedure. — ^A  slight  excess  of  pure  potassium  cyanide  is  added 
to  the  neutral  solution,  which  is  then  heated  on  the  water-bath 
for  at  least  one  hour  in  order  to  change  the  potassium  cobaltocyanide 
to  potassium  cobalticyanide  (cf.  Vol.  I,  p.  135).  The  solution  is  then 
treated  with  a  suspension  of  mercuric  oxide  in  water  and  heated 
for  a  long  time,  with  frequent  stirring,  upon  the  water-bath.  The 
decomposition  is  complete  after  one  or  two  hours.  The  solution 
is  diluted  somewhat  with  hot  water,  and  the  precipitate,  consisting  of 
nickelous  hydroxide  and  the  excess  of  mercuric  oxide,  is  filtered 
off,  dried,  ignited  under  a  hood  with  a  good  drafts  and  the  residue 
of  nickel  oxide  is  changed  to  metal,  according  to  p.  112,  and 
weighed  as  such.  The  filtrate  containing  potassium  cobalticya- 
nide and  mercuric  cyanide  is  treated  with  sulphuric  acid  exactly 
as  described  imder  (b)  and  the  cobalt  determined  as  metal. 

The  author  has  abo  tested  and  foimd  satisfactory  the  method  of 
Ulnsky  and  Knorre*;  but  it  seems  to  have  no  advantages  over 
the  above-described  procediu-es. 

Recently  Rosenheim  and  Huldschinskyf  have  applied  Vogel's 
qualitative  test  for  cobalt  (cf.  Vol.  I,  p.  137)  to  the  quantitative 
;8eparation  of  this  metal  from  nickel,  and  have  obtained  exoelleat 
results. 

*  Berichte,  18,  669.  t  ^^rid.,  34,  2050. 
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METALS  OF  GROUP  H. 

MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM,  ARSENIC, 
ANTIMONY,  TIN  (PLATINUM,  GOLD,  SELENIUM,  TELLURIUM, 
MOLYBDENUM,  GERMANIUM,  TUNGSTEN,  AND  VANADIUM). 

A.    SULPHOBASES. 
MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM. 

Mercury,  Hg.    At.  Wt.  200.3. 

Forms:  HgS,  HgjClj,  and  Hg. 
Determination  as  Sulphide. 

(a)  By  Precipitation  ivith  Hydrogen  Sulphide, 

The  solution  containing  no  oxidizing  substances  (FeCl,,  CI, 
much  HNOj,  etc.)  and  the  mercury  entirely  as  mercuric  salt  is 
saturated  with  hydrogen  sulphide  in  the  cold,  the  precipitate 
allowed  to  settle,  filtered  through  a  Gooch  crucible,  washed  with 
cold  water,  dried  at  105°-110°  C.  and  weighed. 

Remark. — ^This  method  affords  excellent  results  and  should  be 
used  whenever  possible.  Unfortunately,  however,  it  is  not  always 
appUcable,  for  in  most  cases  the  solution  to  be  analyzed  contains 
strong  nitric  acid  (obtained  by  the  solution  of  impure  mercuric 
sulphide  in  aqua  regia,  by  the  decomposition  of  organic  mercury 
compounds  by  the  method  of  Carius,  or  by  the  oxidation  of  mercurous 
salts).  It  is  not  possible  to  expel  the  excess  of  nitric  acid  by 
evaporating  the  solution  with  hydrochloric  acid,  because  consider- 
able amounts  of  mercuric  chloride  are  thereby  volatilized  with 
the  escaping  steam.  Thus  50  c.c.  of  a  mercuric  chloride  solution 
containing  0.5235  gm.  of  the  salt,  treated  with  10  c.c.  of  nitric 
acid  and  evaporated  on  the  water-bath  five  times  almost  to  dry ness, 
with  the  addition  each  time  of  50  c.c.  concentrated  hydrochloric 
acid,  yielded  in  separate  experiments  0.3972  gm.  mercuric  sulphide 
=88.56  per  cent,  and  0.3695  gm.  mercuric  sulphide =82.39  per 
cent.,  or,  in  other  words,  a  loss  of  11-17  per  cent.  In  such  a  case  the 
following  procedure  suggested  by  Volhard  should  be  used: 
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(6)  By  PredpiUUion  vxUh  Ammonium  Stdphide, 

The  acid  solution  of  the  mercuric  salt  is  almost  neutralized 
with  pure  sodium  carbonate  and  is  treated  with  a  slight  excess  of 
freshly-prepared  ammonium  sulphide.  Pure  sodium  hydroxide 
solution  (free  from  Ag,  Al^Og,  and  SiO,)  is  then  added,  meanwhile 
rotating  the  solution  until  the  dark  liquid  begins  to  lighten,  when 
it  is  heated  to  boiling  and  more  sodium  hydroxide  is  added  imtil 
the  liquid  is  perfectly  clear.  The  solution  now  contains  the  mer- 
cury   as   sulpho-salt,    Hg<^^j^  .      Anunonium    nitrate    is   then 

added  and  the  solution  boiled  until  the  ammonia  is  almost  entirely 
expelled,  and  the  precipitate  is  allowed  to  settle,  which  it  will 
do  much  more  quickly  than  if  it  were  produced  by  hydrogen 
sulphide  directly.  By  means  of  the  boiling  with  ammonium 
nitrate,  the  sulpho-salt  is  decomposed  according  to  this  equation: 

Hg(SNa)2  -h  2NH,N03 = 2NaN03 + (NH^^^  -f  HgS. 

The  clear  liquid  is  poured  through  a  Gooch  crucible,  and  the 
precipitate  washed  by  decantation  with  hot  water  tmtil  the 
wash  water  no  longer  reacts  with  silver  nitrate  solution.  The 
precipitate  is  then  transferred  to  the  crucible,  dried  at  llO^'C.yand 
weighed.  In  case  the  precipitate  contains  free  sulphur,  it  should 
be  boiled  with  a  little  sodium  sulphite  before  filtering.* 

H.  Rauschenbach  tested  this  method,  analyzing  pure  mercuric 
chloride  with  the  addition  of  nitric  acid,  and  obtained  as  a  mean  of 
two  experiments  73.80  per  cent.  Hg  instead  of  the  theoretical  value, 
73.85  per  cent. 

A  still  better  way  of  removing  free  sulphur  from  the  precipitate 
consists  of  extracting  with  carbon  bisulphide.  In  this  case  the 
mercuric  sulphide,  together  with  the  sulphur,  is  filtered  through 
a  Gooch  crucible,  completely  washed  with  water  and  then  three 
times  with  alcohol.  The  crucible  is  now  placed  upon  a  glass 
tripod  in  a  beaker  containing  some  carbon  bisulphide  (Fig.  31)  ;t 

*  By  boiling  with  sodium  suli^ite,  the  sulphur  is  changed  to  sodium 
thiosulphate,  NajSOj+S-NajSjO,. 

t  G.  Vortmann,  Uebungsbeispiele  aus  der  quantitativen  chemischen 
Analyse,  p.  28,  Viemia,  1899, 
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the  beaker  is  supported  over  a  vessel  filled  with  hot  water  and 
covered  with  a  round-bottomed  flask  con- 
taining cold  water  which  serves  as  a  condenser. 
After  about  an  hour  the  sulphur  will  be  com- 
pletely extracted.  The  carbon  bisulphide  is 
removed  from  the  precipitate  by  washing 
once  with  alcohol  and  once  with  ether.  The 
ether  is  driven  off  by  gently  warming,  and 
the  precipitate  then  dried  at  110®  C.  and 
weighed. 

H.  Raiischenbach  analyzed  pure  mercuric 
chloride  by  this  method  and  obtained  as  a 
mean  of  eight  experiments  73.79  per  cent. 
Hg  instead  of  73.85  per  cent.,  and  in  the  case 
of  eight  further  experiments  made  without 
removing  the  sulphur  he  obtained  74.17  per 
<»nt.  instead  of  the  theoretical  value,  73.84  per  cent. 

If  it  is  desired  to  determine  mercury  in  an  organic  non-electro- 
lyte, the  compound  is  decomposed  by  the  method  of  Carius  (see 
Elementary  Analysis)  by  heating  in  a  closed  tube  with  concen- 
trated nitric  acid,  and  the  mercury  precipitated  as  sulphide  by  the 
metiiod  of  Volhard;  or  the  acid  solution  is  treated  with  pure  sodium 
hydroxide  solution  to  alkaline  reaction  and  then  with  pure  potas- 
sium cyanide  until  the  mercuric  oxide  has  dissolved,  after  which 
the  solution  is  saturated  with  hydrogen  sulphide,  ammoniiun 
acetate  added,  the  solution  boiled  imtil  the  ammonia  is  almost 
entirely  expelled,  the  precipitate  allowed  to  settle,  filtered,  and 
washed  first  with  hot  water,  then  with  hot  dilute  hydrochloric  acid, 
and  finally  with  water.  After  drying  at  110®  C.  the  precipitate  of 
mercuric  sulphide  is  weighed. 


FiQ.  31. 


Determination  as  Mercurous  Chloride. 

For  the  analysis  of  a  solution  containing  a  mercurous  salt,  the 
solution  is  treated  with  sodium  chloride,  diluted  considerably  with 
water,  filtered,  after  standing  twelve  hours,  through  a  Gooch  cruci- 
ble, dried  at  105°  C,  and  weighed.  If  the  solution  contains  a  mer- 
curic salt,  it  is  first  reduced,  by  the  method  of  H.  Rose,  by  means 
of  phosphorous  acid  in  the  presence  of  hydrochloric  acid. 
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Procedure, — ^The  mercury  solution  (which  abxiost  always  con- 
tains  nitric  acid)  is  treated  with  hydrochloric  acid,  diluted  con- 
siderably with  water,  an  excess  of  phosphorous  acid  is  added,  and 
after  standing  for  twelve  hours  the  precipitate  is  filtered  through 
a  Gooch  crucible,  dried  at  105®  C,  and  weighed. 

Remark. — ^The  results  obtained  by  this  method  are  always 
about  0.4  per  cent,  too  low,  but  in  spite  of  this  fact  the  method  is 
to  be  recommended. 

The  phosphorous  acid  necessary  for  this  method  is  obtained  by 
the  oxidation  of  phosphorus  in  moist  air  or  by  the  decomposition 
of  phosphorous  trichloride  with  water,  evaporating  the  solution 
to  remove  the  hydrochloric  acid  and  dissolving  the  residue  in  water. 

Determination  as  Metal. 

Almost  all  mercury  compounds  are  quantitatively  decomposed 
on  heating  with  lime  according  to  the  equation 

HgX+CaO=CaX+Hg-hO. 

The  iodide  alone  is  not  readily  acted  upon. 

To  carry  out  this  determination,  a  glass  tube  50  cm.  long  and 
1.5  cm.  wide,  open  at  both  ends,  is  taken  and  in  one  end  an  asbes- 
tos plug  is  pkced,  followed  by  8  cm.  of  pure  lime,  then  an  intimate 
mixture  of  a  weighed  amount  of  substance  with  lime,  finally  a  layer 
of  lime  30  cm.  long  and  at  the  other  end  of  the  tube  another  asbes- 
tos plug.  After  the  tube  has  been  filled,  the  end  nearest  this  sec- 
ond asbestos  plug  is  drawn  out  until  it  is  only  4  cm.  wide,  and  is 
connected  by  means  of  rubber  tubing  with  the  empty  narrower 
arm  of  a  P^ligot  tube.  The  other  wider  end  of  the  P^ligot  tube  is 
loosely  filled  with  pure  gold-leaf.  The  glass  tube  is  placed  in  a 
combustion-furnace  and  illuminating-gas  (carbon  dioxide  is  less 
suited)  is  passed  through  it  for  half  an  hour.  The  tube  is  heated, 
at  first  where  the  30  cm.  layer  of  lime  is,  then  the  other  burnere  are 
lighted  one  after  another  until  finally  the  entire  contents  of  the 
tube  is  subjected  to  gentle  ignition.  During  the  whole  of  the  opera- 
tion illuminating-gas  is  being  passed  through  the  apparatus  at  the 
rate  of  about  three  bubbles  a  second.  The  greater  part  of  the 
mercury  collects  in  the  lower  empty  end  of  the  P^ligot  tube  and 
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the  mercury  vapors  that  are  carried  further  amalgamate  with  the 
gold.  A  small  amount  of  the  mercury  condenses  in  the  drawn-out 
tube.  After  cooling  the  apparatus  (in  a  current  of  illuminating-gas) 
the  narrow  part  of  the  tube  is  cut  off  both  sides  of  the  condensed 
mercury  and  weighed.  It  is  then  heated  gently  while  air  is  passed 
through  it  to  volatilize  the  merciuy  and  again  weighed.  The  dif- 
ference in  weight  gives  the  amount  of  mercury  condensed  in  the 
tube.  The  P^ligot  tube  is  usually  moist;  dry  air  is,  therefore,  con- 
ducted through  it  for  some  time,  after  which  it  is  weighed. 

The  results  obtained  by  this  method  *  are  perfectly  satisfactory. 
Winteler  found  in  the  analysis  of  pure  mercuric  chloride  73.81, 
73.88,  73.74  per  cent,  instead  of  the  theoretical  value,  73.85  per 
cent. 

Experiments  made  attempting  to  condense  the  mercury  under 
water  invariably  gave  too  low  values  (about  1-2  per  cent.). 

Although  it  is  easy  to  obtain  good  results  by  this  method,  it 
can  be  dispensed  with,  for  the  sulphide  method  affords  just  as- 
exact  results  in  much  less  time. 

In  case  it  is  desired  to  determine  the  amount  of  mercury  vapor 
present  in  a  given  space,  it  is  only  necessary  to  aspirate  the  gaa 
through  a  calcium-chloride  tube  fiUed  with  gold-leaf.  The  gain 
in  weight  of  the  latter  shows  the  amount  of  mercury  present  in 
the  gas. 

It  is  also  possible  to  determine  mercury  electrolytically,  but 
this  method  has  no  advantages  over  the  methods  already  described. 

Lead,  Pb.    At.  Wt.  206.9. 
Forms :  PbO,  PbS04,  PbOj,  and  in  rare  cases  PbClj-t 

I.  Determination  as  Lead  Oxide,  PbO. 

If  the  lead  is  present  as  carbonate,  nitrate,  or  peroxide,  it  is 
only  necessary  to  ignite  a  weighed  portion  in  a  porcelain  crucible 
over  a  small  flame  and  weigh  the  residue.  The  treatment  of  the 
nitrate  requires  care,  because  on  rapid  ignition  the  mass  decrepi- 
tates. 

*  First  proposed  by  Erdmann  and  Marchand,  Journ.  f.  prakt.  Ch.,  31.  385. 
f  See  Analysis  of  Vanadinite. 
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a.  Detennination  as  Lead  Sulphate,  PbSO^. 

If  the  lead  is  present  in  solution  in  the  form  of  its  chloride  or 
nitrate,  it  is  placed  in  a  porcelain  dish,  an  excess  of  dilute  sulphuric 
acid  is  added  and  the  mixture  evaporated  on  the  water-bath  as 
far  as  possible,  then  over  a  free  flame  until  dense  white  fumes  of 
sulphuric  acid  are  evolved,  and  afterwards  allowed  to  cool.  A  little 
water  is  added,  the  mixture  stirred,  allowed  to  stand  some  hours, 
filtered  through  a  Gooch  crucible,  washed  at  first  with  water  contain- 
ing sulphuric  acid,  then  with  alcohol,  and  dried  at  100°  C.  The  dried 
precipitate  is  placed  in  a  larger  porcelain  crucible,  provided  with 
an  asbestos  ring,  and  ignited  over  the  full  flame  of  a  Teclu  burner. 

If  it  is  desired  to  use  an  ordinary  filter,  the  precipitate  is  finally 
washed  with  alcohol  until  the  wash  liquid  no  longer  gives  the  sul- 
phuric acid  reaction,  dried,  as  much  of  it  as  possible  is  transferred 
to  a  weighed  porcelain  crucible,  the  filter  ignited  in  a  platinum 
spiral  (p.  20),  and  the  ash  added  to  the  contents  of  the  crucible. 
By  means  of  the  reducing  action  of  the  burning  filter,  some  of  the 
lead  sulphate  adhering  to  it  is  always  reduced  to  lead,  which  must 
be  changed  back  to  sulphate  before  weighing.  For  this  purpose 
the  precipitate  in  the  crucible  is  moistened  with  dilute  nitric  acid, 
evaporated  on  the  water-bath  to  dryness,  a  few  drops  of  concen- 
trated sulphuric  acid  added  and  the  crucible  heated  over  a  free 
flame  until  no  more  fumes  are  given  off,  when  it  is  gently  ignited  and 
weighed. 

In  case  the  lead  is  originally  present  as  acetate,  the  solution 
is  treated  with  an  excess  of  dilute  sulphiu'ic  acid  and  twice  its 
volume  of  alcohol,  filtered  after  standing  some  hours,  and  the 
precipitate  of  lead  sulphate  treated  exactly  as  described  above. 

In  order  to  determine  the  amount  of  lead  present  in  organic 
•compounds,  the  substance  can  be  placed  in  a  large  porcelain  crucible, 
treated  with  an  excess  of  concentrated  sulphuric  acid,  and  very 
eautiously  heated  in  the  covered  crucible  over  a  free  flame  until 
the  sulphuric  acid  is  completely  expelled.  The  crucible  is  then 
gently  ignited,  and  if  the  residue  is  white  it  is  ready  to  be  weighed; 
otherwise  more  sulphuric  acid  is  added  and  the  process  repeated 
until  finally  a  white  residue  is  obtained. 

In  case  the  organic  lead  compound  is  soluble  in  water,  it  is 
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'preferable  to  first  precipitate  the  lead  by  means  of  hydrogen 
sulphide,  filter  off  the  lead  sulphide,  dry  it,  transfer  the  greater 
part  of  the  precipitate  and  the  ash  of  the  filter  to  a  large  porcelain 
crucible,  and  then  oxidize  it  by  means  of  fuming  nitric  acid, 
keeping  the  crucible  well  covered.  When  the  gas  evolution  has 
ceased,  anything  which  has  spattered  upon  the  cover-glass  is 
cashed  into  the  crucible,  and  the  contents  of  the  latter  are  evap- 
orated to  dryness,  treated  with  an  excess  of  concentrated  sul- 
phuric acid,  evaporated  to  dryness  in  an  air-bath  and  weighed. 

If  the  lead  is  present  in  an  organic  compound  which  is  not 
capable  of  dissociation,  the  compound  should  be  decomposed  in  a 
closed  tube  with  strong  nitric  acid  according  to  the  method  of 
Carius  (see  page  247),  finally  washing  out  the  contents  of  the  tube, 
adding  sulphuric  acid,  and  treating  the  precipitate  as  above  de- 
scribed. 

3.  Electrolytic  Determination  of  Lead  as  Peroxide  (PbO,). 

Many  neutral  solutions  of  complex  lead  salts,  a  neutral  solu- 
tion of  lead  acetate,  also  alkaline  lead  solutions  yield  deposits  of 
metallic  lead  on  the  cathode  when  subjected  to  electrolysis;  but 
lead  is  never  determined  this  way,  partly  because  of  the  round- 
about process  necessary,  and  partly  on  account  of  the  fact  that 
the  deposited  lead  is  oxidized  so  readily.  If  a  neutral  or  slightly 
acid  (nitric  acid)  solution  of  lead  nitrate  is  electrolyzed,  the 
lead  is  deposited  partly  as  metal  upon  the  cathode  and  partly  as 
brown  peroxide  on  the  anode.  If,  however,  the  solution  contains 
sufficient  free  nitric  acid,  it  is  easily  possible  to  deposit  the  lead 
quantitatively  upon  the  anode  as  firmly-adhering  lead  peroxide. 

Procedure, — ^The  solution  of  lead  nitrate,  containing  not  more 
than  0.2  gm.  lead,  is  placed  in  a  platinum  dish  whose  inner  sur- 
face is  unpolished  (as  recommended  by  Classen),  15  c.c.  of  pure 
nitric  acid,  sp.  gr.  1.4,  are  added,  the  solution  is  diluted  to  100  c.c. 
and  electrolyzed  in  the  cold  with  a  weak  current  of  about  0.5 
ampere  for  from  twelve  to  fourteen  hours.  The  apparatus  is 
arranged  exactly  as  described  under  Nickel  (p.  113)  except  that  the 
platiniun  dish  now  serves  as  the  anode  and  should  be  connected 
with  the  positive  pole,  the  spiral  with  the  negative  pole  of  the 
battery. 
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It  is  customary  to  start  the  electrolysis  at  night  and  on  the 
foQowing  morning  the  solution  is  tested  to  see  if  the  deposition  is 
complete  by  filling  the  dish  with  water  and  noticing  whether  a 
yellowish-brown  coating  is  formed  on  the  upper  part  of  the  dish 
in  half  an  hour.  If  all  the  lead  is  deposited,  which  should  have 
been  the  case  if  the  directions  were  carefully  followed,  the  dish 
is  washed  with  water  without  interrupting  the  current.  To  accom- 
plish this,  the  acid  solution  is  siphoned  o£P  while  distilled  water  is 
added.  It  is  important  in  this  operation  to  keep  the  deposit  of 
ledd  peroxide  completely  covered  with  liquid.  When  the  solution 
that  is  being  siphoned  o£P  no  longer  reacts  acid,  or  at  least  only 
barely  acid,  the  washing  is  complete  and  the  circuit  can  be  broken^ 
The  dish  is  finally  washed  once  more  with  distilled  water,  dried  at 
180**  C,  and  weighed.  The  results  obtained  are  always  slightly 
high  on  account  of  the  lead  peroxide  not  being  completely  an- 
hydrous when  dried  at  this  temperature,  so  that  it  seems  to  the 
author  to  be  advisable  to  gently  ignite  the  dish  before  weighing, 
thereby  readily  converting  the  peroxide  into  lead  oxide.  The 
results  obtained  in  the  author's  laboratory  leave  nothing  to  be 
desired. 

Restdts, — (a)  10  c.c.  lead  nitrate  solution  containing  0.0631 
gm.  lead  yielded  deposits  of  PbO,  weighing  0.0734,  0.073L  0.0735, 
0.0733  gm. ;  mean  0.07332  corresponding  to  0.0635  gm.  lead.  After 
ignition  the  lead  monoxide  formed  weighed  respectively  0.0679, 
0.0678,  0.0679,  0.0681 ;  mean  0.0679  gm.  corresponding  to  0.063a 
instead  of  0.0631  gm.  lead. 

(6)  10  c.c.  of  a  lead  nitrate  solution  containing  0.1898  gm.. 
lead  yielded  deposits  of  PbO,  weighing  0.2202,  0.2200,  0.2203,. 
0.2202;  mean  0.2202  corresponding  to  0.1907  gm.  lead.  After 
ignition  the  weights  of  lead  oxide  obtained  were  0.2042,  0.2046,. 
0.2043,  0.2044;  mean  0.2044  corresponding  to  0.1897  gm.  Pb  instead 
of  0.1898  gm.    These  experiments  were  performed  by  M.  StoffeL 

Remark, — By  employing  a  stronger  current  and  keeping  the 
solution  warm  during  the  electrolysis,  the  deposition  is  complete 
in  much  less  time,  but  according  to  the  author's  experience  the 
results  obtained  are  not  so  satisfactory. 

Besides  the  above-mentioned  forms,  lead  is  also  determined 
as  the  chromate  and  as  the  chloride,  but  these  methods  possess 
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HO   particular   advantages   and   consequently   will   not    be    de* 
scribed. 

Bismuth,  Bi.   At.  Wt.  208.5. 

Forms :  BiaO,,  Bi^Sj,  Bi. 

I.  Determination  as  Bismuth  Oxide,  JAfi^. 

Solid  bismuth  nitrate  or  carbonate  is  readily  changed  to  the 
•oxide  by  gentle  ignition.  When  bismuth,  however,  is  present  in 
solution  as  the  nitrate  it  should  be  first  precipitated  as  the  basic 
carbonate  and  this  changed  by  ignition  to  the  oxide. 

Procedure, — ^The  solution  is  diluted  with  water  (if  a  turbidity 
•ensues  it  makes  no  difference)  a  slight  excess  of  ammonium 
carbonate  is  added,  and  after  heating  to  boiling  the  precipitate 
is  filtered  off.  washed  with  hot  water,  dried,  ignited,  and  weighed 
as  BijOg.  If  the  solution  from  which  the  bismuth  is  to  be  pre- 
<;ipitated  contains  besides  nitric  acid  other  acids  (HCliHjSO^^etc.), 
the  precipitate  produced  by  ammonium  carbonate  always  con- 
tains basic  salts  of  these  acids  which  cannot  be  converted  to  the 
oxide  by  ignition.  In  this  case,  which  is  most  frequent  in  analysis, 
the  bismuth  should  be  determined  according  to  one  of  the  follow- 
ing methods. 

2.  Determination  as  Sulphide,  Bi^S,. 

The  slightly  acid  solution  is  saturated  with  hydrogen  sulphide, 
filtered  through  a  Gooch  crucible  (or  a  filter  that  has  been  dried 
at  100®  C.  and  weighed),  washed  with  hydrogen  sulphide  water, 
then  with  alcohol  to  remove  the  water,  and  afterwards  with  freshly- 
distilled  carbon  bisulphide  *  to  remove  any  sulphur  that  may  be 
mixed  with  the  precipitate. 

The  washing  with  carbon  bisulphide  is  continued  imtil  a  few 
drops  of  the  filtrate  leave  no  residue  on  being  evaporated  to  dry- 
ness on  a  watch-glass.  The  precipitate  is  then  washed  with 
alcohol  to  remove  the  carbon  bisulphide  and  finally  with  ether, 
dried  at  100®  C,  and  weighed  as  Bi^S^. 

The  distillation  of  the  carbon  bisulphide  should  be  performed 

*  As  described  on  p.  134,  or  on  p.  169. 
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as  follows:  Ordinary  commercial  carbon  bisulphide  is  placed  !n 
a  long-necked,  round-bottomed  flask,  provided  with  a  closely  fit- 
ting cork  (not  rubber)  stopper  which  is  bored  once.  Through  the 
hole  in  the  cork  is  placed  a  glass  tube  bent  twice  at  right  angles, 
whose  further  end  leads  into  a  dry  flask  (without  using  a  stopper 
for  this  receiver).  Two  large  beakers  are  placed  upon  the  table^ 
one  filled  with  water  at  about  60-70°  C.  and  the  other  with  cold 
water.  If  the  flask  containing  the  carbon  bisulphide  is  placed 
in  the  beaker  containing  the  warm  water,  and  the  other  flask  in  the 
beaker  of  cold  water,  the  carbon  bisulphide  will  distil  rapidly  from 
one  flask  to  the  other.  Care  must  be  taken  during  this  operation 
that  there  is  no  lighted  gas-burner  in  the  inunediate  vicinity,  for 
otherwise  there  is  danger  of  the  vapors  of  carbon  bisulphide  taking 
fire. 

3.  Determination  as  Metal.    Method  of  H.  Rose.* 

The  bismuth  is  first  precipitated  as  basic  carbonate  as  described 
under  1,  and  the  dried  precipitate,  together  with  the  ash  of  the  filter, 
is  placed  in  a  porcelain  crucible  and  ignited  gently.  Five  times 
as  much  of  98  per  cent,  potassium  cyanide  is  added  to  the  con- 
tents of  the  crucible  and  the  jnixture  is  fused,  whereby  the  oxide 
and  basic  salt  are  changed  to  metallic  bismuth: 

Bi  A  -f  3KCN  -  3KCNOf  Bi^ 
2BiCXn  -f  4KCN  -2KCNO  f  2Ka+  (CN), + Bi,. 

Since  bismuth  melts  at  268''  C,  but  boils  at  1600°  C,  it  is  possi- 
ble to  perform  this  operation  with  a  Bimsen  flame  of  about  half  the 
usual  height  without  running  any  risk  of  losing  some  of  the  bismuth 
by  volatilization.  The  reduction  is  usually  complete  at  the  end  of 
twenty  minutes.  After  cooling,  the  melt  is  treated  witn  water, 
which  dissolves  the  salts  and  leaves  the  metallic  bismuth  behind 
in  the  form  of  a  fused  metallic  globule.  Frequently,  however,  the 
fusion  will  have  loosened  some  of  the  glaze  of  the  porcelain  crucible^ 
which  will  remain  behind  with  the  bismuth  after  the  treatment 
with  water.  Consequently  the  aqueous  solution  is  filtered  through 
a  filter  that  has  been  dried  at  100®  C.  and  weighed  with  the  empty 

*  Pogg,  Ann-,  110,  p.  425. 
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crucible.  After  washing  first  with  water,  then  with  absolute 
alcohol  and  ether  and  drying  at  100®  C,  the  filter  is  again  placed 
in  the  crucible  and  weighed.  The  gain  in  weight  represents  the 
amount  of  metallic  bismuth. 

Bismuth  sulphide  can  also  be  reduced  by  potassiiun  cyanide, 
but  in  this  case  a  longer  and  stronger  heating  is  necessary. 

4.  Determination  as  Metal.     Method  of  Vanino  and  Treubert."^ 

In  this  method  the  bismuth  is  precipitated  as  metal  by  means  of 
formaldehyde  in  alkaline  solution.  The  slightly  acid  bismuth  solu- 
tion is  treated  with  formaldehyde  and  a  considerable  excess  of  pure 
10  per  cent,  caustic  soda  solution  and  warmed  on  the  water-bath  until 
the  liquid  above  the  precipitate  has  become  perfectly  clear;  more  for- 
maldehyde and  caustic  soda  solution  are  then  added  and  the  mixture 
heated  over  a  free  flame,t  decanted  repeatedly  with  water  to  which 
a  little  aldehyde  has  been  added^  again  boiled,  and  by  pressing  with 
a  glass  rod  the  partly  spongy,  partly  pulverulent  precipitate  is  made 
to  collect  together.  The  precipitate  is  then  filtered  through  a  fil- 
ter that  has  been  previously  dried  at  105®  C.  and  weighed,  washed 
with  absolute  alcohol,  dried  at  105°  C.  and  weighed. 

Remark, — Results  obtained  in  the  author's  laboratory  by  this 
method  were  as  a  rule  too  high.  Thus  W.  Urech  obtained  from 
pure  bismuth  nitrate  solution,  as  a  mean  of  four  experiments,  100.78 
per  cent,  instead  of  100  per  cent. 

The  high  results  are  caused  by  the  difficulty  in  removing 
the  last  traces  of  alkali.  Absolutely  accurate  results  may  be 
obtained  by  dissolving  the  precipitated  bismuth  in  nitric  acid, 
precipitating  by  ammonia  and  ammonium  carbonate  and  weighing 
as  the  oxide  according  to  (1).  Naturally  this  roundabout  process 
would  only  be  chosen  when  the  bismuth  solution  contained  other 
acids  (HCl,  HjSO^,  or  H3PO4) ;  the  necessity  of  fusing  with  potas- 
sium cyanide  would  then  be  avoided. 

The  electrolytic  determination  of  bismuth  does  not  yield  relia- 
ble results. 


*  Berichte,  31  (1898),  1303. 

t  Frequently,  particularly  on  long  boiling,  the  liquid  becomes  colored 
yellow  or  brown.     This  has  no  influence  upon  the  results. 
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COPPER,  Cu.    At.  Wt.  63.6. 
Forms:  CuO,  Cu,S,  Cu,  Cu,(CNS),. 

I.  Detenninatioii  as  Copper  Oxide,  CuO. 

The  solution,  which  must  be  free  from  organic  substances  and 
ammonimn  salts,  is  heated  to  boiling  in  a  porcelain  dish  and  pure 
caustic  potash  solution  is  added,  drop  by  drop,  until  the  precipi- 
tate becomes  dark  brown  and  is  permanent,  while  the  solution 
itself  shows  an  alkaline  reaction  towards  litmus-paper.  After  the 
precipitate  has  settled,  the  upper  liquid  is  carefully  poured  through 
a  filter  and  the  precipitate  washed  by  decantation  with  hot  water 
until  the  wash  water  no  longer  shows  an  alkaline  reaction,  when  the 
precipitate  is  transferred  to  the  filter  and  completely  washed. 
UsuaUy  a  small  amount  of  copper  oxide  adheres  to  the  porcelain 
dish  so  firmly  that  it  can  be  removed  only  by  vigorous  rubbing 
with  a  glass  rod  covered  at  the  end  with  a  piece  of  rubber 
tubing,  and  finally  when  the  precipitate  is  removed  from  the  dish 
some  will  then  remain  on  the  rubber.  Consequently  it  is  better  to 
proceed  as  f oUows :  As  much  of  the  precipitate  as  possible  is  removed 
by  a  stream  of  water  from  the  wash-bottle,  then  two  drops  of  dilute 
nitric  acid  are  added,  and  by  inclining  the  dish  and  rubbing  with 
the  glass  rod,  the  whole  of  the  precipitate  remaining  on  the  dish  is 
moistened  with  the  acid.  Two  drops  of  the  acid  are  sufficient,  with 
correct  manipulation,  to  dissolve  all  of  the  copper  oxide.  A  small 
fresh  filter  is  prepared  and  the  dish  is  held  in  an  inclined  position, 
so  that  the  liquid  remains  near  its  lip,  the  sides  are  washed  once 
with  hot  water  and  the  contents  of  the  dish  (which  is  continually 
maintained  in  this  inclined  position)  are  heated  to  boiling  over  a 
small  flame  and  precipitated  by  the  addition  of  caustic  potash, 
drop  by  drop.  (A  large  excess  of  alkali  is  to  be  avoided  on  account 
of  its  solvent  action  upon  the  precipitate.)  *  The  whole  contents 
of  the  dish  are  then  quickly  poured  through  the  small  filter  and 
the  dish  is  immediately  washed  once  with  water.  The  copper  oxide 
is  now  all  on  the  filter.  The  precipitate  is  washed  with  hot  water, 
both  filters  are  dried,  and  the  most  of  the  precipitate  transferred 
to  a  porcelain  crucible,  the  filters  ignited  in  a  platinum  spiral,  and 

♦  C*.  Vol.  I.  p.  171,  foot-note. 


DETERMINATION  OF  COPPER  AS  CUPROUS  SULPHIDE,         I4S 

the  ash  added  to  the  contents  of  the  crucible.  The  crucible  is  cov- 
ered and  ignited,  at  first  gently,  and  finally  with  the  full  heat  of  the 
Bunsen  burner,  then  weighed.  If  the  process  is  carried  out  care- 
fully, the  results  obtained  are  almost  the  theoretical  values  but 
as  a  rule  they  are  a  trifle  high. 

2.  Determination  as  Cuprous  Sulphide,  CujS. 

The  solution,  which  contains  for  every  100  c.c.  about  5  c.c.  of 
concentrated  acid  (best  sulphuric  acid),  is  heated  to  boiling  and 
hydrogen  sulphide  is  introduced  until  the  solution  becomes  cold. 
If  the  right  amount  of  acid  was  present,  the  precipitate  settles 
quickly  in  large  flocks  and  the  upper  liquid  appears  completely 
coldrlcss.  .  Before  filtering,  the  wash  liquid  is  prepared  by  passing 
hydrogen  sulphide  through  the  long  tube  of  a  wash-bottle  for  one 
minute,  then  closing  the  short  tube  with  a  piece  of  rubber  tubing 
and  shaking  vigorously.  As  soon  as  no  more  bubbles  pass  through 
the  liquid,  the  water  is  satiu-ated;  this  takes  about  a  minute  at  the 
most. 

A  filter  is  now  placed  in  a  funnel  containing  a  platinum  cone, 
the  funnel  is  fitted  to  a  suction-bottle  and  the  filtration  is  begun 
at  first  without  using  suction,  taking  care  that  the  filter  is  con- 
stantly kept  full.  When  all  the  precipitate  is  on  the  filter,  it  is 
washed  wdth  the  hydrogen  sulphide  water,  and,  at  this  point  also, 
the  filter  must  be  kept  full  of  liquid.*  The  washing  is  continued 
until  1  c.c.  of  the  filtrate  shows  no  pink  coloration  with  methyl 
orange.  The  filter  is  now  for  the  first  time  allowed  to  drain  com- 
pletely, and.it  is  dried  as  much  as  possible  by  means  of  gentle 
suction,  then  completely  by  heating  in  the  drying  closet  at 
90-100^  C. 

■  As  much  of  the  precipitate  as  possible  is  now  transferred  to 
a  weighed  Rose  crucible  (of  unglazed  porcelain),  the  filter  is  burned 
in  a  platinum  spiral  and  the  ash  allowed  to  fall  at  first  upon  an 
unglazed  crucible  cover  where  it  is  heated  gently  till  it  glows,  in  order 
to  make  sure  that  it  contains  no  unburned  carbonaceous  matter; 
the  ash  is  then  added  to  the  main  portion  of  the  precipitate  in  the 
crucible.    A  little  sulphur  that  has  been  recrystallized  from  carbon 

*  The  copper  sulphide  may  be  washed  also  with  pure  water  if  the  filter 
is  kept  filled  with  CO,  during  the  operation. 
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a  little  sulphur  must  be  added  to  the  precipitate  and  the  process 
repeated. 

Remark. — ^It  is  evident  that  the  sulphur  used  for  this  experi- 
ment should  leave  on  ignition  no  weighable  residue.  This  is  why 
the  sulphur  used  should  be  recrystallized  from  carbon  bisulphide. 

The  reason  why  it  is  necessary  to  keep  the  funnel  filled  with 
liquid  during  the  filtration  and  washing  of  the  cupric  sulphide  is  this : 
If  moist  copper  oxide  is  exposed  to  the  air  it  is  quickly  oxidized 
and  the  hydrogen  sulphide  wash  water  acts  upon  the  salt  formed  by 
the  ,  oxidation,  (CuSjOj-CuSO^),  and  transforms  it  into  colloidal 
cupric  sulphide,  which  forms  a  pseudo-solution,  passes  through  the 
filter,  and  on  coming  in  contact  with  the  acid  filtrate  is  coagu- 
lated. If,  however,  the  precipitate  is  not  exposed  to  the  air  during 
the  filtration  there  is  no  oxidation  and  the  filtrate  remains  clear. 

Instead  of  changing  the  cupric  sulphide  into  cuprous  sulphide, 
it  has  been  proposed  to  convert  it  to  oxide  by  ignition  in  the 
air  and  weighing  the  copper  in  this  form.  If,  however,  the  highest 
degree  of  accuracy  is  desired,  this  should  not  be  done,  for  the 
ignited  product  always  contains  some  sulphate.  When  this 
method  is  chosen,  the  cupric  sulphide  should  be  heated  in  a  glazed 
porcelain  crucible,  at  first  over  a  small  flame,  so  that  the  mass 
does  not  melt,  and  the  heat  gradually  increased  until  finally  a 
blast-lamp  is  used  and  the  copper  weighed  as  CuO.  The  results 
are  about  0.1  per  cent,  too  high  when  not  more  than  0.2  gm.  of 
precipitate  is  present.  Holthof  states  that  copper  oxide  abso- 
lutely free  from  sulphate  can  be  obtained  if  the  precipitate  is 
ignited  wet  in  an  inclined  porcelain  crucible. 

3.  Determination  as  Cuprous  Sulphocyanatey  CiijCCNS),. 

Method  of  Rivot.* 

The  solution,  slightly  acid  with  sulphuric  or  hydrochloric  acid 
(oxidizing  agents  must  not  be  present),  is  treated  with  an  excess 
of  sulphurous  acid,t  after  which  ammonium  sulphocyanate  is 
added  drop  by  drop  with  constant  stirring,  whereby  at  first  a 

♦  Compt.  Rend.,  38,  868;  8ee  also  R.  G.  van  Name,  Zeit.  f.  anorg.  Chem., 
26,  230,  and  Busse,  Zeit.  f.  anal.  Chem.,  17,  53,  and  30,  122. 

t  Instead  of  sulphurous  acid,  ammonium  bisulphite  may  be  used.  The 
latter  Is  prepared  by  saturating  aqueous  ammonia  with  SO... 
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greenish  precipitate  of  cupric  and  cuprous  sulphocyanate  is  pre- 
cipitated, which  after  stirring  becomes  pure  white.  The  precipitate 
is  allowed  to  settle  completely  (this  requires  several  hours);  it  is 
then  filtered  and  washed  with  cold  water  until  the  filtrate  shows 
only  a  slight  reddish  coloration  when  ferric  chloride  is  added, 
after  which  it  is  washed  several  times  with  20  per  cent,  alcohol, 
dried  at  110-120''  C,  and  weighed.  Th.  Hock  tested  this  method 
and  obtained  99.74, 100.05,  and  100.1  instead  of  100  per  cent,  copper. 
The  cuprous  sulphocyanate  can  be  dried  at  a  temperature  as  high 
as  160°  C,  but  at  180°  C.  it  begins  to  decompose.  Instead  of  weigh- 
ing the  copper  sulphocyanate  as  such,  it  can  be  converted  to  sul- 
phide and  then  weighed,  but  this  possesses  no  advantages  over 
the  direct  weighing.  If,  however,  it  is  desired  to  do  this,  the  dried 
precipitate  is  placed  in  a  Rose  crucible,  the  filter  ash  added,  and 
it  is  roasted  until  the  sulphocyanate  is  decomposed,  when  sulphur 
is  added,  the  contents  of  the  crucible  ignited  in  a  current  of  hydro- 
gen and  w^eighed  as  cuprous  sulphide.  It  is  advisable  to  roast  the 
sulphocyanate  because  otherwise  a  very  difficultly  volatile  subli- 
mate is  formed. 

4.  Electrolytic  Determination  of  Copper. 

This  most  accurate  and  most  convenient  of  all  methods  for  the 
determination  of  copper  was  first  proposed  by  W.  Gibbs  in  1864.* 

Copper  may  be  deposited  by  means  of  the  electric  current  from 
acid,  alkaline,  and  neutral  solutions,  but  for  analytical  purposes 
only  the  use  of  acid  solutions  is  of  importance.  The  deposition  from 
a  nitric  acid  solution  is  best,  but  the  amount  of  free  nitric  acid 
should  not  exceed  8-10  per  cent. 

Procedure. — The  solution  of  the  nitrate  or  sulphate  (but  not 
the  chloride)  is  placed  in  a  platinum  dish  whose  inner  surface 
should  be  unpolished  and  absolutely  clean,  and,  in  case  the  solution 
is  neutral,  10  c.c.  of  nitric  acid,  sp.  gr.  1.20,  are  added.  The  solu- 
tion is  diluted  to  100-150  c.c.  and  electrolyzed  with  a  current  of 
0.2  ampere  and  2-2.5  volts.  After  twelve  hours  the  deposition 
is  complete ;  this  must  be  shown  by  adding  more  water  and  observ- 
ing whether  there  is  any  copper  deposited  on  the  newly  wet  surface 


*  Zeit.  f.  anal.  Chem..  3.  334. 
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within  half  an  hour.  All  of  the  copper  should  be  deposited  at 
this  time  if  not  more  than  0.3  gm.  is  present.  The  copper  is 
now  washed,  exactly  as  was  described  under  Lead,  without  break- 
ing the  current,  until  no  more  bubbles  are  set  free  at  the  positive 
electrode.  The  circuit  is  now  broken  and  the  metal  washed  as 
(juickly  as  possible  with  water,  then  with  absolute  alcohol  (dis- 
tilled over  lime),  and  finally  wuth  pure  ether  (distilled  over  potash). 
It  is  dried  for  a  short  time  at  80°  C,  cooled  in  a  desiccator,  and 
weighed. 

/?emarA;.— Copper  when  deposited  from  nitric  acid  solutions  is 
of  a  light-red  color,  possesses  a  crystalline  structure,  and  adheres 
closely  to  the  platinum.  The  strength  of  the  acid  diminishes 
during  the  electrolysis  owing  to  its  reduction  to  ammonia.  If  too 
little  acid  is  present,  so  that  the  solution  finally  becomes  alkaline, 
the  copper  deposits  as  a  brown,  spongy  coating  which  does  not 
adhere  well  to  the  platinum,  so  that  some  of  it  is  likely  to  be 
washed  off.  An  especially  beautiful  deposit  of  copper  can  be 
obtained  by  adding  1-2  c.c.  of  pure  alcohol  to  the  solution  before 
electrolyzing  it. 

If  the  original  copper  solution  contains  considerable  free  nitric 
acid  it  is  evaporated  to  dryness,  the  prescribed  amount  of  nitric 
acid  is  added,  the  solution  diluted  to  100-150  c.c,  and  electro- 
lyzed.  If,  however,  the  original  solution  contains  much  free 
sulphuric  acid,  it  is  either  neutralized  with  ammonia  and  the 
nitric  acid  added  or  the  sulphuric  acid  solution  is  diluted  with 
water  and  electrolyzed  as  above.  The  deposits  of  copper  obtained 
from  sulphuric  acid  solutions  are  not  so  reddish  in  color  as  those 
obtained  from  nitric  acid  solutions;  the  results  are  equally  good. 
It  may  be  mentioned  that  the  duration  of  the  electrolysis  may 
be  considerably  shortened  by  keeping  the  solutions  warm,  but  the 
deposits  are  not  so  good  as  when  produced  from  cold  solutions. 
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Cadmium,  Cki.    At.  Wt.  112. 

Forms:  Cd,  CdSO«,  CdO. 

X.  Electrolytic  Determinatioii  of 

Of  all  the  methods  for  the  determmation  of  cadmium  the  electro- 
Ijrtic  method  is  not  only  the  most  convenient,  but  by  far  the  most 
accurate,  and  of  the  many  methods  that  have  been  proposed  for 
the  electrolysis  of  this  metal  only  that  of  Beilstein  and  Jawein*  can 
be  reconmiended.  From  the  experience  obtained  in  the  author's 
laboratory  the  best  procedure  is  as  follows:  To  the  solution  of  the 
sulphate  a  drop  of  phenolphthalein  is  added  and  then  pure  caustic 
soda  solution  until  a  permanent  red  color  is  obtained.  A  solution 
of  98  per  cent,  potassium  cyanide  is  now  added  with  constant  stir- 
ring until  the  precipitate  of  cadmium  hydroxide  produced  by  the 
caustic  soda  has  completely  dissolved  (an  excess  of  potassiimi  cya- 
nide should  be  scrupulously  avoided),  the  solution  is  diluted  with 
water  to  100-150  c,c.  and  electrolyzed  in  the  cold  for  from  five  to 
six  hours  ^dth  a  current  of  0.5-0.7  ampere  and  an  electromotive 
force  of  4.8-5  volts;  at  the  end  of  this  time  the  current  is  increased 
to  from  1-1.2  amperes  and  the  solution  is  electrolyzed  for  one  hour 
more.  If  these  directions  are  followed,  all  of  the  cadmium  (if  not 
more  than  0.5  gm.  is  present)  will  be  deposited  as  a  firmly  adher- 
ing dull  deposit  of  almost  silver-white  metal.  The  current  is  then 
stopped,  the  liquid  is  quickly  poured  off  f  and  the  deposited  metal 
washed  first  with  water,  then  with  alcohol  and  finally  with  ether; 
it  is  dried  and  weighed.  Experiments  performed  by  von  Girsewald 
gave  faultless  results. 

Remark, — ^If  for  the  electrolysis  a  current  of  0.5  ampere  were 
used,  the  cadmium  will  not  be  all  deposited  at  the  end  of  twelve 
hours;  if,  however,  the  current  is  increased  at  the  end,  as  above 


*  Berichte,  12,  446. 

t  The  solution  should  always  be  tested  for  cadmium.  For  this  purpose 
it  is  acidified  with  hydrochloric  acid  (under  the  hood),  warmed  until  the 
hydrocyanic  acid  is  all  driven  off,  when  hydrogen  sulphide  is  passed  into 
it.  A  yellow  coloration  or  a  precipitate  shows  cadmium.  It  is  not  advis- 
able to  pass  the  hydrogen  sulphide  directly  into  the  alkaline  solution,  as  in 
that  case  a  yellow  color  is  often  produced  when  no  cadmiiun  is  present. 
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stated,  to  1  ampere,  the  electrol3r8is  will  be  surely  finished  in  six 
to  seven  hours.  To  work  with  the  stronger  current  from  the 
beginning  is  not  to  be  recommended,  for  in  that  case  the  metal  is 
deposited  in  a  spongy  form  and  on  washing  some  of  it  is  likely  to 
be  lost. 

2.  Determination  as  Cadmium  Sulphate,  CdSO^. 

Next  to  the  electrolytic  method,  the  determination  of  cadmium 
as  the  sulphate  is  the  best.  If  the  cadmium  is  combined  with  a 
volatile  acid,  the  compoimd  is  treated  in  a  weighed  porcelain  cru- 
cible with  a  slight  excess  of  dilute  sulphuric  acid,  the  solution  evapo- 
rated on  the  water-bath  as  far  as  possible,  and  finally  the  excess 
of  sulphuric  acid  is  removed  by  heating  in  an  air-bath  (the  crucible 
is  placed  in  a  larger  crucible  that  is  provided  with  an  asbestos  ring).* 
The  heat  is  applied  at  first  slowly,  and  the  temperature  is  raised 
^adually  until  finally  no  more  fumes  of  sulphuric  acid  are  evolved. 
The  outer  crucible  can  even  be  heated  with  the  full  flame  of  a  Teclu 
burner  without  running  any  risk  of  decomposing  the  cadmium  sul- 
phate; it  is,  however,  not  necessary  to  heat  it  so  strongly.  As  soon 
as  the  fumes  of  sulphuric  acid  cease  to  come  of!  the  operation  is 
ended  and  the  crucible  and  its  contents  are  weighed  after  cooling 
in  a  desiccator.  The  cadmiiun  sulphate  should  be  pure  white 
and  should  dissolve  in  water  to  form  an  absolutely  clear  solution. 

If  the  cadmium  has  been  precipitated  from  a  solution  as  the 
sulphide,  the  greater  part  of  the  precipitate  is  placed  in  a  large 
porcelain  crucible,  covered  with  a  watch-glass,  and  treated  with 
hydrochloric  acid  (1:1)  on  the  water-bath.  After  the  precipitate 
has  dissolved  and  the  evolution  of  hydrogen  sulphide  has  ceased, 
the  lower  side  of  the  watch-glass  is  washed,  the  crucible  is  placed 
imder  the  funnel,  and  the  precipitate  which  adhered  to  the  filter- 
paper  is  dissolved  by  dropping  hot  hydrochloric  acid  (1 : 1)  upon  it, 
finally  washing  the  filter  with  hot  water,  evaporating  the  solution 
upon  the  water-bath,  and  proceeding  as  above  described. 

The  results  obtained  by  this  method  are  excellent. 

The  Precipitation  of  Cadmium  as  Sulphide. 

The  frequently  recommended  determination  of  cadmium  as  the 
sulphide  must  be  rejected;  it  is  useless.    It  is  not  possible  to  precipi- 

*Cf.  Fig.  11,  p.  25! 
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tate  pure  cadmium  sulphide  from  acid  solutions  by  means  of  hydro- 
gen sulphide;  the  precipitate  is  always  contaminated  with  a  basic 
salt  (CdjCljS— (^28048,  etc.)  wljether  the  precipitation  takes  place 
in  cold  or  hot  solutions,  whether  under  atmospheric  pressure  or 
under  increased  pressure  (in  a  pressure-flask),  and  in  fact  the  amount 
of  basic  salt  formed  increases  with  the  amount  of  free  acid  present. 
Results  are  obtained  as  much  as  5  per  cent,  too  high.  Follenius  * 
attempted  to  make  the  method  possible  by  igniting  an  aliquot  part 
of  the  dried  and  weighed  precipitate  in  a  stream  of  hydrogen  sul- 
phide. Xf  the  sulphide  was  contaminated  with  sulphate,  he  suc- 
ceeded in  changing  it  all  to  sulphide  and  obtained  results  that  were 
acceptable.  If,  however,  chloride  was  present,  a  considerable 
part  was  lost  by  sublimation,  so  that  the  results  obtained  were  too 
low.  It  is,  furthermore,  not  possible  to  ignite  the  cadmium  sul- 
phide with  sulphur  in  a  current  of  hydrogen,  as  was  described 
under  Zinc  and  Copper,  for  cadmium  sulphide  is  so  volatile  that 
some  of  it  is  lost. 

On  the  other  hand,  the  method  of  precipitating  the  cadmium  as 
sulphide  from  solutions  containing  2-7  c.c.  of  concentrated  sul- 
phuric acid  in  100  c.c.  is  to  be  recommended,  for  by  this  means  a 
precipitate  is  obtained  which  can  be  readily  filtered  and  which  by 
sohition  in  hot  hydrochloric  acid  (1:1)  and  evaporation  with  sul- 
phuric acid  can  be  changed  without  loss  to  the  sulphate  and  weighed 
as  suidi. 

Determination  as  Cadmiimi  Oxide,  CdO. 

Cadmium  carbonate  and  cadmium  nitrate  can  be  changed  to 
the  oxide  by  strong  ignition. 

The  cadmium  is  precipitated  from  its  solutions  at  the  boiling 
temperature  by  the  addition  of  a  slight  excess  of  potassium  car- 
bonate, and  after  standing  for  some  time  on  the  water-bath,  and 
when  the  precipitate  has  completely  settled,  it  is  filtered  off,  washed 
with  hot  water,  and  dried.  As  much  of  the  dried  precipitate  as 
possible  is  transferred  to  a  watch-glass  and  set  aside  for  the  time 
being.  The  filter  is  washed  with  dilute  nitric  acid  to  dissolve 
the  small  amount  of  the  precipitate  which  still  adheres  to  it  and 


*  Zeit.  f.  anal.  Chem.,  XIII,  422. 
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the  solution  is  received  in  a  weighed  porcelain  crucible  and  evap- 
orated to  dryness.  The  main  portion  of  the  precipitate  is  now 
add^d,  and  the  crucible  is  at  first  very  gently  heated  by  placing 
the  open  crucible  high  above  a  small  flame  from  a  Teclu  burner, 
until  the  whole  mass  has  become  a  uniform  brown  throughout. 
The  temperature  is  now  gradually  raised  until  finally  the  full  heat  of 
the  burner  is  reached.  It  is  important  during  this  operation  to 
take  care  that  the  inner  flame-mantle  does  not  touch  the  cruci- 
ble, for  otherwise  reducing  gases  may  enter  the  crucible  and  reduce 
a  part  of  the  oxide  to  metallic  cadmium,  which  is  volatile  at  this 
temperatiu'e.  The  cadmium  oxide  is  obtained  as  a  brown  powder 
which  is  infusible,  insoluble  in  water,  but  readily  soluble  in  dilute 
acids. 

Remark. — It  is  not  advisable  to  precipitate  the  cadmium  by 
means  of  sodium  carbonate  solution,  for  in  that  case  it  is  difficult 
to  wash  the  precipitate  free  from  alkali. 

Separation  of  the  Sulpho-bases  from  the  Metals  of 

THE  Preceding  Groups. 

Hydrogen  sUlphide  precipitates  only  the  metals  of  the  "hydro- 
gen sulphide  group"  from  acid  solutions.  It  is  to  be  noted  that 
zinc  precipitates  with  this  group  if  the  solution  is  not  acid  enough ; 
while  if  the  solution  is  too  acid  lead  and  cadmimn  are  often 
incompletely  precipitated.  A  suitable  concentration  is  20-30  c.c. 
of  double-normal  hydrochloric  or  sulphuric  acids  to  100  c.c.  of 
liquid. 

Example. 

Analysis  of  Brass  (Alloy  of  Copper  and  Zinc  with  Small 
Amounts  of  Lead,  Iron,  and  Nickel). 

About  0.4^0.5  gm.  of  the  alloy,  in  the  form  of  borings,* 
is  dissolved  in  about  20  c.c.  of  nitric  acid,  sp.  gr.  1.2,  in  a  200-c.c. 
casserole  which  is  covered  with  a  watch-glass.  After  the  reaction 
begins  to  slacken,  complete  solution  is  effected  by  warming  on  the 
water-bath.  The  solution  is  then  evaporated  to  complete  dryness, 
moistened  with  a  little  nitric  acid,  dissolved  in  about  50  c.c.  of 


♦The  borings  are  usually  somewhat  greasy.     They  should  be  washed 
with  ether  before  weighing.     Cf.  p.  178,  foot-note. 
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hot  water,  and  the  ever-present  metastannic  acid  is  allowed  to 
settle;  it  is  filtered  off,  washed  with  hot  water,  dried,  and  the 
tin  determined  according  to  p.  172.  To  the  cold  filtrate  3  c.c. 
of  pure,  concentrated  sulphuric  acid  are  added,  the  solution  is 
evaporated  on  the  water-bath  as  far  as  possible,  and  then  heated 
cautiously  over  a  free  flame  imtU  dense  white  fumes  of  sulphuric 
acid  are  evolved.  After  cooling  the  residue  is  treated  with  50  c.c. 
of  water  and  15  c.c.  of  alcohol,  stirred  well,  filtered,  washed,  and 
the  lead  sulphate  determined  according  to  p.  138.  The  filtrate 
is  evaporated  until  the  alcohol  is  completely  removed,  100  c.c.  of 
water  are  added,  the  solution  is  heated  to  boiling,  and  hydrogen 
sulphide  is  conducted  into  it  until  it  becomes  cold,  when  the  copper 
sulphide  is  filtered  off,  washed  first  with  hydrogen  sulphide  water 
containing  in  every  100  c.c.  20  c.c.  of  double-normal  sulphuric  acid 
and  at  the  end  with  pure  hydrogen  sulphide  water.  The  copper 
is  determined,  according  to  p.  145,  as  Cu^S. 

The  filtrate  from  the  copper  sulphide  is  evaporated  to  a  small 
volume  in  order  to  remove  completely  the  excess  of  hydrogen 
sulphide,  the  iron  is  then  oxidized  by  the  addition  of  bromine 
water,  precipitated  by  ammonia,  and  filtered.  In  order  to  make 
sure  that  the  precipitate  of  ferric  hydroxide  contains  no  zinc,  it 
is  dissolved  in  a  little  hydrochloric  acid  and  the  precipitation  with 
ammonia  is  repeated.  The  filtered  and  washed  precipitate  is 
ignited  in  a  porcelain  crucible  and  weighed  as  ferric  oxide  (cf. 
p.  77). 

The  combined  filtrates  from  the  ferric  hydroxide  are  acidified 
with  a  little  sulphuric  acid,  heated  to  about  50°  C,  and  the  zinc  de- 
termined as  zinc  sulphide  according  to  the  "salting-out"  method 
described  on  p.  128.  For  the  determination  of  nickel,  the 
filtrate  from  the  zinc  sulphide  precipitation  is  evaporated  to 
dryness,  the  ammonium  salts  expelled  by  gentle  ignition  of  the 
residue,  which  is  afterwards  dissolved  in  as  little  nitric  acid  as 
possible,  and  the  nickel  precipitated  as  Ni(0H)3  as  described  on 
p.  Ill,  and  determined  either  as  oxide  or  as  the  metal  itself. 
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Separation  of  the  Sulpho-bases  from  One  Another. 

z.  Separation  of  Mercury  from  Lead,  Bismuth,  Copper, 

and  Cadmium. 

Method  of  Gerhard  v.  Rath. 

Principle. — ^This  separation  is  based  upon  the  insolubility  of 
mercuric  sulphide  in  boiling,  dilute  nitric  acid  (sp.  gr.  1.2-1.3) 
and  the  solubility  of  the  remaining  sulphides. 

Procedure. — ^The  solution  (containing  the  mercury  entirely  in 
the  mercuric  form)  is  precipitated  by  means  of  hydrogen  sulphide, 
the  precipitate  filtered  off,  washed  with  hydrogen  sulphide  water, 
transferred  to  a  porcelain  dish  and  boiled  for  a  considerable  length 
of  time  with  nitric  acid  of  the  above  concentration,  then  diluted 
with  a  little  water  and  washed  with  water  containing  nitric  acid. 
The  residue  of  mercuric  sulphide  thus  obtained  always  contains 
sulphur,  and  in  case  considerable  lead  were  present  it  will  also 
contain  lead  sulphate.  It  is,  therefore,  dissolved  in  a  little  aqua 
regia,  diluted  with  water,  filtered  from  the  separated  sulphur  and 
lead  sulphate  and  the  mercury  precipitated  according  to  the  method 
of  Volhard,  with  ammonium  sulphide  (cf.  p.  134).  If  some  of  the 
lead  sulphate  should  go  into  solution  with  the  mercury  on  treating 
with  aqua  regia,  it  wiU  be  converted  by  the  ammonium  sulphide 
and  potassium  hydroxide  into  insoluble  lead  sulphide,  while  the 
mercury  will  be  in  the  form  of  its  soluble  sulpho-salt.  In  this 
case  the  lead  sulphide  is  filtered  off,  washed  with  dilute  potassium 
hydroxide  solution,  and  the  mercmy  then  precipitated  as  sulphide, 
as  described  on  p.  134. 

2.  Separation  of  Bismuth  from  Lead. 

(a)  Method  of  Lowe. 

Prmcifle. — Bismuth  nitrate  is  changed  by  the  action  of  water 
into  an  insoluble  basic  salt,  while  lead  nitrate  undergoes  no  such 
transformation. 

Procedure. — ^The  solution  of  the  two  metals  in  nitric  acid  is 
evaporated  on  the  water-bath  imtil  it  reaches  a  syrupy  consist- 
ency, water  is  added,  and  after  thorough  stirring  with  a  glass 
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rod  the  evaporation  is  repeated  and  the  process  continued  until 
the  addition  of  the  water  fails  to  produce  any  further  turbidity; 
a  sign  that  the  bismuth  has  been  completely  converted  into  the 
basic  salt  BijOjNOjOH.  A  cold  solution  of  ammonium  nitrate 
(1  XH^NOjiSOO  HjO)  is  now  added,  and  after  standing  some  time, 
with  frequent  stirring,  in  order  to  make  sure  that  the  lead  nitrate 
has  completely  gone  into  solution,  the  solution  is  filtered.  The 
precipitate  is  washed  \iith  the  dilute  anunonium  nitrate  solution 
and  dried.  As  much  of  it  as  possible  is  transferred  to  a  weigheil 
porcelain  crucible  and  together  with  the  ash  of  the  filter  is  ignited, 
at  first  gently,  and  finally  with  the  full  flame  of  a  Bunsen  burner. 
It  is  weighed  as  Bi^Oj. 

From  the  filtrate  the  lead  is  precipitated  according  to  p.  138. 
as  sulphate,  and  weighed  as  such.  It  is  less  satisfactory'  to  pre- 
cipitate the  lead  as  sulphide  and  weigh  it  in  this  form  after 
gentle  heating  with  sulphur  in  a  Rose  crucible. 

(6)  Method  of  Jannasch* 

Principle. — ^The  separation  depends  upon  the  different  vola- 
tility of  the  two  bromides.  Bismuth  bromide  is  fairly  readily 
volatile;  lead  bromide  is  only  difficultly  so. 

R 


Fig.  33. 

Procedure. — ^The  solution  of  the  nitrates  is  evaporated  to  dr}'- 
ness,  100  c.c.  of  water,  sufficient  hydrochloric  acid  to  afford  a 
clear  solution,  and  a  few  drops  of  fuming  nitric  acid  are  added,t 
after  which  hydrogen  sulphide  is  introduced.  The  precipitated 
sulphides  are  immediately  filtered,  the  precipitate  is  dried  at  100°  C. 
in  a  stream  of  carbon  dioxide,  after  which  as  much  of  the  precipitate 

♦  Praktiacher  Leitfaden  der  Grewichtsanalyse,  p.  155. 

t  By  the  addition  of  the  fuming  nitric  acid  the  precipitated  sulphide 
b  contaminated  with  considerable  sulphur;  such  a  precipitate  is  more  readily 
decomposed  by  the  action  of  bromine. 
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as  possible  is  placed  in  an  agate  mortar  and  the  ash  of  the  filter  added 
to  it.  The  whole  of  the  precipitate  is  ground  fine  and  transferred 
without  loss  to  a  weighed  porcelain  boat,  which  is  then  introduced 
into  the  decomposition  tube  R  *  (Fig.  33),  made  of  difficultly-fusible 
glass.  At  first  a  stream  of  dry  carbon  dioxide  is  passed  through  the 
apparatus  and  the  substance  is  gently  heated  by  means  of  a  small 
flame,  in  order  to  completely  dry  it.  The  water  condensing  in  the 
front  part  of  the  tube  is  driven  over  into  E  by  careful  heating. 

The  bottle  A  containing  bromine  f  is  now  connected  with  the 
apparatus  and  the  stream  of  carbon  dioxide  is  passed  through 
it;  the  gas,  carrj'ing  bromine  vapors  with  it,  is  passed  through 
the  vertical  calcium  chloride  tube  filled  with  pieces  of  calcite, 
then  through  the  concentrated  sulphuric  acid  contained  in  B,  after 
this  through  the  tube  C  containing  glass  beads  moistened  with 
sulphuric  acid,  and  finally  through  the  tube  D  filled  with  glass 
wool,  and  from  this  the  dry  bromine  vapors  reach  the  sub- 
stance. The  latter  is  heated  over  a  small  flame  (kept  in  con- 
stant motion)  and  the  yellow  bismuth  bromide  distils  off  and 
condenses  partly  in  the  narrow  part  of  the  tube  and  partly  in  the 
receiver  £,  which  contains  dilute  nitric  acid:  1  HN03:2  HjO.  The 
substance  is  heated  hotter,  whereby  more  bismuth  bromide  is  vola- 
tilized, and  this  is  again  distilled  as  completely  as  possible  into  the 
receiver.  Finally  the  substance  is  heated  more  stnmgly  still,  until 
the  lead  bromide  begins  to  melt.  When  no  more  of  the  yellow 
sublimate  is  formed,  the  decomposition  is  shown  to  be  complete 
and  the  substance  is  allowed  to  cool  in  a  stream  of  carbon  dioxide. 
The  bromine  that  escapes  from  the  tube  K  is  passed  into  alcohol 
contained  in  the  beaker  F.  When  the  apparatus  has  become  cold, 
the  bromine  bottle  is  removed,  and  the  bromine  is  removed  from 
the   apparatus  by  passing  carbon  dioxide   through   it  for  some 

♦  In  this  determination,  the  bulb  of  the  tube  is  unnecessary;  it  should 
be  replaced  by  one  such  as  is  shown  in  Fig.  33,  //.  For  other  analyses  it 
is  better  to  have  the  bulb. 

t  For  this  experiment  the  bromine  used  must  be  absolutely  free  from 
chlorine  and  is  prepared  as  follows:  60-60  c.c.  of  commercial  bromine 
are  treated,  in  a  tightly-stoppered  separatory  funnel,  with  a  10  per  cent, 
potassium  bromide  solution.  The  funnel  is  shaken  vigorously,  and  the 
bromine  separated  from  the  aqueous  alkali  solution  After  washing  two  or 
three  times  with  water,  it  is  ready  for  use. 
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time.  The  boat  filled  with  lead  bromide  is  then  weighed,  and 
from  the  weight  of  the  PbBrj  that  of  the  lead  is  computed.  To 
check  this,  the  lead  bromide  is  dissolved  in  freshly-prepared 
chlorine  water,  an  excess  of  dilute  sulphuric  acid  is  added,  and 
the  solution  is  evaporated  to  remove  the  hydrochloric  acid,  at 
first  on  the  water-bath  and  finally  over  a  free  flame  until  dense 
fimies  of  sulphuric  acid  are  evolved. 

After  coohng,  water  and  alcohol  are  added,  the  precipitate 
filtered  off  and  the  weight  of  the  lead  sulphate  determined  as 
described  on  p.  138.  For  the  bismuth  determination,  the  nitric 
acid  solution  contained  in  E  and  K  is  poiured  into  a  beaker,  filtered 
if  necessary  from  any  sulphur,  evaporated  to  a  small  volume,  and 
the  bismuth  precipitated  by  the  addition  of  ammonium  carbonate 
and  determined  as  metal  as  described  on  p.  142. 

There  have  been  many  other  methods  proposed  for  the  separa- 
tion  of  lead  and  bismuth,*  all  of  which  are  less  satisfactory  than 
the  two  methods  just  described,  so  that  they  will  not  be  discussed 
in  this  book. 

Separation  of  Bismuth  from  Copper. 

The  solution  is  treated  with  an  excess  of.anmionium  carbonate,, 
warmed  gently,  and  filtered.  The  precipitate  of  basic  bismuth 
carbonate  almost  always  contains  small  quantities  of  copper,  so* 
that  it  is  dissolved  in  nitric  acid  and  the  separation  by  means  of 
ammonium  carbonate  is  repeated.  The  basic  bismuth  salt  ia 
fused  with  potassium  cyanide  and  weighed  as  metal,  according: 
to  p.  142. 

For  the  copper  determination,  the  two  filtrates  are  combined, 
evaporated  to  remove  the  excess  of  ammonium  carbonate,  acidified 
with  sulphuric  acid,  and  the  copper  precipitated  by  means  of 
hydrogen  sulphide,  being  determined  as  cuprous  sulphide  acconl- 
ing  to  p.  145,  or  the  sulphuric  acid  solution  is  subjected  to  elec- 
trolysis as  described  on  p.  148.* 

According  to  Fresenius  and  Haidlin,  bismuth  can  be  separated 
from  copper  very  nicely  by  means  of  potassium  cyanide.  For 
this  purpose  the  acid  solution  is  precipitated  by  the  addition  of  a 

♦  Cf.  O.  Steen,  Zeit.  fiir  angew.  Chem.,  1895,  p.  630 
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slight  excess  of  sodium  carbonate,  potassium  cyanide  is  added, 
and  the  solution  warmed  and  filtered.  All  of  the  copper  is  foimd 
in  the  filtrate,  while  the  precipitate  contains  bismuth  oxide  con- 
taminated with  alkali.  The  residue  is,  therefore,  dissolved  in 
nitric  acid,  the  bismuth  precipitated  by  means  of  ammonium  car- 
bonate and  determined  as  metal  according  to  p.  142.  The 
filtrate  containing  the  copper  is  evaporated  with  nitric  acid,  in 
order  to  destroy  the  cyanide,  and  the  copper  determined  electro- 
lytically  according  to  p.  148. 

Separation  of  Lead  from  Copper  by  Means  of  Electrolysis. 

This  separation  depends  upon  the  fact  that  lead  is  deposited 
quantitatively  as  PbO,  upon  the  anode  from  solutions  containing 
a  definite  amount  of  nitric  acid  by  means  of  a  weak  current, 
while  the  copper  is  either  not  deposited  at  all  under  these  conditions 
or  is  foimd  upon  the  cathode  to  some  extent.  After  the  lead  is 
completely  deposited,  the  copper  solution  is  poured  into  a  second 
weighed  platinum  dish,  the  excess  of  the  acid  is  neutralized  with 
anmionia,  and  the  solution  again  electrolyzed.  The  copper  will 
now  deposit  quantitatively  upon  the  cathode. 

Procedure. — ^The  solution  of  the  two  nitrates  is  placed  in  a 
platinum  dish  (of  the  form  recommended  by  Classen)  with  the 
inner  surface  unpolished,  and  20  c.c.  of  nitric  acid  (sp.  gr.  1.35-1.38) 
are  added,  after  which  the  solution  is  diluted  to  150  c.c.  and 
electrolyzed  at  50-60**  C.  with  a  current  of  1.-1.5  amperes  and 
an  electromotive  force  of  1.4  volts.  Usually  three  or  four  hours 
are  sufficient  to  deposit  all  the  lead  upon  the  anode  (the  dish)  in 
the  form  of  a  firmly-adhering,  brown  coating  of  peroxide.  The 
deposit  is  washed  without  breaking  the  circuit  as  described 
on  p.  140.  The  siphoned  solution  is  evaporated  to  a  volume 
of  about  130  c.c.  and  ammonia  is  added  until  the  precipitate 
which  is  at  first  formed  redissolves  to  a  dark-blue  solution; 
10  c.c.  of  nitric  acid  (sp.  gr.  1.20)  are  now  added  and  the 
solution  once  more  electrolyzed  with  a  current  of  1  ampere  and 
an  electromotive  force  of  2.2-2.5  volts.  The  platinum  dish 
now  serves  as  the  cathode,  while  an  unpolished  platinum  disk- 
electrode  serves  as  the  anode;  in  case  traces  of  lead  remain  in 
solution  after    the    first    electrolysis,  it  will  now  be  deposited. 
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this  method  cannot  be  used  for  the  quantitative  separation  of 
the  two  metals;  on  the  other  hand,  if  it  is  carried  out  according  to 
the  following  modifications,  excellent  results  are  obtained. 

Procedure. — Sufficient  sulphuric  acid  is  added  to  the  solution 
of  the  sulphates  so  that  one  part  of  the  acid  is  contained  in  four 
parts  of  the  solution.  The  latter  is  now  heated  to  boiling,  and 
during  the  boiling  hydrogen  sulphide  is  passed  through  it  for 
twenty  minutes,  after  which  the  solution  is  boiled  for  fifteen 
minutes  longer.  The  solution  is  filtered  while  hot  through  a 
funnel  kept  filled  with  carbon  dioxide  and  the  precipitate  is  washed 
with  boiled,  hot  water  to  the  disappearance  of  the  acid  reaction. 
The  copper  sulphide  thus  obtained  is  easy  to  filter  and  wash;  it 
however,  always  contains  small  amounts  of  cadmium,  so  that  the 
separation  must  be  repeated.  The  copper  sulphide  is,  therefore, 
transferred  to  a  porcelain  dish  by  means  of  a  stream  of  water  from 
the  wash-bottle,  where  it  is  dissolved  in  nitric  acid,  the  solution 
evaporated  to  dryness,  the  dry  mass  treated  with  sulphuric  acid 
(1:4)  and  again  evaporated  on  the  water-bath  as  far  as  possible 
to  remove  the  greater  part  of  the  nitric  acid.  After  this,  without 
regard  to  the  separated  sulphur,  the  mass  is  washed  with  as  little 
water  as  possible  into  an  Erlenmeyer  flask,  for  every  0.3-0.5  gm. 
of  copper  about  150-200  c.c.  of  sulphuric  acid  (1:4)  are  added, 
and  the  separation  by  means  of  hydrogen  sulphide  is  repeated 
exactly  as  above  described.  The  pure  copper  sulphide  that  is 
finally  obtained  is  dried  and  the  copper  determined  as  cuprous 
sulphide  as  described  on  p.  145,  or  it  is  dissolved  in  nitric  acid 
and  the  solution  electrolyzed  as  described  on  p.  148. 

For  the  cadmium  determination,  hydrogen  sulphide  is  passed 
into  the  cold  filtrate,  the  precipitated  cadmium  sulphide  after 
being  washed  is  transferred  by  means  of  a  spatula  to  a  porcelain 
dish,  hydrochloric  acid  (1:3)  is  poured  over  it,  the  dish  covered 
with  a  watch-glass  and  heated  on  the  water-bath  until  the  precipi- 
tate is  dissolved  and  until  the  hydrogen  sulphide  is  all  expelled. 
The  dish  is  now  placed  under  the  funnel  and  the  cadmium  sulphide 
which  remained  upon  the  filter  is  dissolved  by  dropping  hot  hydro- 
chloric acid  (1:3)  upon  it,  finally  washing  the  filter  with  water. 
The  contents  of  the  dish  are  evaporated  to  dryness,  the  dry  mass 
dissolved  in  a  little  sulphuric  acid,  washed  into  a  weighed  porcelain 
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crucible,  1  c.c.  of  concentrated  nitric  acid*  and  a  little  mor^ 
sulphuric  acid  added,  after  which  the  contents  of  the  crucible  are 
evaporated  as  far  as  possible  upon  the  water-bath,  the  excess  of 
sulphuric  acid  removed  by  heating  in  an  air-bath,  and  the  cadmium 
determined  as  sulphate  according  to  p.  151. 

The  above  method  was  tested  by  Oberer  in  the  author's  labora- 
tory and  the  following  results  obtained: 


Amount  Taken. 

Found. 

Difference. 

Amount  Found  in 

Per  Cent,  of  the 

Theoretical  Value. 

1.    Cu=0. 3126  gin 

Cd«0.2504    "      

0.3130  gm. 
0.2506    " 

+0.0004 
+  0.0002 

100.12 
100.08 

2.   Cu«0.3126    "     

Cd-0.2604    "     

0.3126    " 
0.2501    " 

-0.0001 
-0.0003 

99.97 
99.88 

3.    Cu=0.3126    "     / 

Cd=0.2504    "     

0.3134    " 
0.2496    " 

+0.0008 
-0.0008 

100.25 
99.68 

4.   Cu=0.3126    "     

Cd«0.6259    "     

0.3120    " 
0.6252    " 

-0.0006 
-0.0007 

99.81 

99.88 

6.    Cu=0.3142    "     

Cd=0.C259    "     

0.3157    " 
0.6248    ** 

+0.0015 
-O.OOU 

100.50 
99.82 

6.    Cu-0.3142    "     

Cd«0.6259    "     

0.3150    " 
0.6240    '* 

+0.0008 
-0.0019 

100.25 
99.69 

2.  Method  of  Rivot-Rose. 

The  copper  is  precipitated  as  sulphocyanide  according  to  p. 
147,  and  from  the  filtrate  the  cadmium  is  precipitated  as  sulphide 
by  means  of  hydrogen  sulphide  and  determined  as  sulphate  ac- 
cording  to  p.  151.    The  results  are  good. 

3.  Method  of  Freseniua  and  Haidlen. 
(The  Potassium  Cyanide  Method.) 

The  neutral  solution  containing  salts  of  both  metals  is  treated 
with  potassium  cyanide  until  the  precipitate  that  is  first  formed 
redissolves,  after  which  more  potassium  cyanide  is  added  (about 

♦The  nitric  acid  is  added  to  oxidize  the  fibres  of  filter-paper;  if  these 
are  not  destroyed  they  will  cause  a  partial  reduction  of  the  cadmium  sul-^ 
phate. 
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three  times  as  much  as  was  necessary  for  the  precipitation  and 
solution  of  the  precipitate)  and  either  ammonium  or  hydrogen 
sulphide  is  added  to  the  cold  solution.  The  cadmium  is  pre- 
cipitated as  the  yellow  sulphide^  while  the  copper  remains  in 
solution* 

The  cadmiiun  sulphide  thus  precipitated  shows  a  great  tendency 
of  passing  through  the  filter-paper  even  when  a  "hardened"  filter 
is  used,  so  that  it  is  "salted  out."  A  considerable  amount  of  pure, 
solid  potassiiun  chloride  is  stirred  into  the  solution,  the  precipitate 
is  allowed  to  stand  overnight,  and  in  the  morning  it  is  filtered 
through  a  Schleicher  &  Schiill  "hardened  filter."  The  precipi- 
tate is  washed  first  by  decantation  with  concentrated  potassium 
chloride  solution,  it  is  then  transferred  to  the  filter  and  washed 
with  the  same  solution.  For  the  cadmiiun  determination  this 
precipitate  cannot  be  used  on  account  of  the  potassium  chloride 
which  adheres  to  it,  and  it  is  not  advisable  to  wash  the  salt  out 
with  water,  for  in  this  case  a  turbid  filtrate  will  be  obtained.  It  b, 
therefore,  dissolved  in  hot  hydrochloric  acid  (1:3)  from  a  wash- 
bottle,  the  solution  is  evaporated  to  dryness,  the  residue  dissolved 
in  water,  filtered  if  necessary  from  separated  sulphur,  and  for 
every  100  c.c.  of  the  solution  5-7  c.c.  of  concentrated  sulphuric 
acid  are  added,  and  the  cadmium  is  precipitated  by  passing  hydro- 
gen sulphide  into  the  cold  solution.  This  time  the  cadmium 
sulphide  is  easily  filtered.  The  cadmium  is  determined  as  sulphate 
according  to  p.  151. 

The  filtrate  is  evaporated  with  nitric  acid  until  the  odor  of 
hydrocyanic  acid  can  no  longer  be  detected,  and  the  copper  is  most 
conveniently  determined  according  to  p.  145  as  cuprous  sulphide. 

Remark, — ^The  results  obtained  by  this  method  are  good,  but 
considerable  time  and  patience  are  required. 


♦  The  copper,  however,  remains  entirely  in  solution  only  when  more  than 
enough  potassium  cyanide  is  present  than  is  required  to  form  the  complex  salt 
KjCuCCN)^.  If  the  pure  potassium  cuprocyanide  is  dissolved  in  consider- 
able water  and  hydrogen  sulphide  passed  into  the  solution,  there  is  a  partial 
precipitation  of  Cu^S;  the  more  dilute  the  solution,  the  more  the  precipi- 
tation. By  the  addition  of  an  excess  of  potassium  cyanide,  the  precipitation 
is  prevented.  A  cold,  concentrated  solution  of  the  above  salt  is  not  precipi- 
tated by  hydrogen  sulphide  (v.  Girsewald,  Zurich,  1902) 
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B.  DIVISION  OF  THE  SULPHO-ACIDS. 
Arsenic,  Antimony,  Tin. 

I  (SELENIUM,  TELLURIUM,  GOLD,   PLATINUM,  TUNGSTEN, 

MOLYBDENUM,  VANADIUM.) 


ARSENIC,  As.     At.  Wt.  75. 
1  Forms :  ASjSs,  ASjSi,  MgjAs^O,. 

z.  Determination  as  Arsenic  Trisulphide,  ASjS,. 

For  the  determination  of  arsenic  in  this  form,  it  must  be  present 
in  its  trivalent  state,  i.e.,  as  arsenious  acid  or  as  arsenite. 

The  solution  is  made  strongly  acid  With  hydrochloric  acid  and 
the  arsenic  precipitated  in  the  cold  with  hydrogen  sulphide.  The 
excess  of  the  latter  is  removed  by  passing  a  stream  of  carbon 
dioxide  through  the  solution,  which  is  then  filtered  through  a 
Gooch  crucible  that  has  been  previously  dried  at  105°  C.  The 
precipitate  is  washed  with  hot  water,  dried  at  105°  C.  to  constant 
weight,  and  weighed  as  As^Sj. 

2.  Determination  as  Arsenic  Pentasulphide,  ASjSsi  according  to 

Bunsen.* 

Modified  by  Fr.  Neher.'f 

The  solution,  which  must  contain  all  of  the  arsenic  as  arsenic 
acid,  is  treated  with  hydrochloric  acid  little  by  little  (it  is  best  to 
keep  the  solution  cooled  by  surrounding  the  flask  with  ice)  until 
the  solution  contains  at  least  two  parts  of  concentrated  hydro- 
chloric acid  for  each  part  of  water.  A  very  rapid  stream  of  hydro- 
gen sulphide  is  conducted  into  this  solution  (contained  in  a  large 
Erlenmeyer  flask)  until  it  is  saturated  with  the  gas,  after  which 

♦Ann.  d.  Chem.  und  Pharm.,  1»2,  305. 

fZeit.  f.  anal.  Chem.,  32,  45;  see  also  Brunner  and  Tomicek,  Monats- 
hefte,  8,  607;  McCay,  Zeit.  f.  anal.  Chem.,  27,  682,  and  J.  Thiele,  Ann.  d, 
Chem.  u.  Pliarm..  265,  65. 
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the  flask  is  stoppered  and  allowed  to  stand  two  hours.  The  arsenic 
pentasulphide  is  then  filtered  through  a  Gooch  crucible  which  has 
been  dried  at  105®  C,  and  the  precipitate  is  washed  completely 
with  water,  then  with  hot  alcohol  (to  hasten  the  subsequent  dry- 
ing). After  drying  at  105°  C.  the  precipitate  is  weighed  as  AsjSg* 
It  is  not  necessary  to  wash  it  with  carbon  bisulphide. 

Remark. — ^If  the  above  directions  are  conscientiously  followed, 
this  method  gives  faultless  results.  If,  on  the  other  hand,  the 
directions  are  deviated  from  in  the  slightest  respect,  the  precipitate 
is  likely  to  contain  some  arsenic  trisulphide,  whereby  low  results 
will  be  obtained.  If  the  solution  is  not  kept  cool  and  the  hydro- 
chloric acid  is  added  too  rapidly,  the  heat  of  the  reaction  suffices 
to  change  a  part  of  the  arsenic  chloride  (this  compound  probably 
exists  in  solution)  to  arsenious  chloride  and  chlorine,  so  that 
on  passing  hydrogen  sulphide  into  the  solution  a  mixture  of  arsenic 
trisulphide  and  arsenic  pentasulphide  will  be  obtained. 

3.  Determination  of  Arsenic  as  Magnesium  Pyroarsenate, 

according  to  Levol. 

The  solution,  which  must  contain  all  of  the  arsenic  as  arsenate, 
is  treated  with  from  10-20  c.c.  of  double-normal  ammonium 
chloride  solution  for  each  50  c.c.  of  solution,  after  which  20  c.c. 
of  "  magnesia  mixtiu'e  "  *  are  added  drop  by  drop  with  constant 
stirring.  One-third  the  solution's  volume  of  strong  ammonia  is 
then  added,  and  the  mixture  allowed  to  stand  twelve  hours.  After 
this  time  it  is  filtered  through  a  Gooch  crucible  and  washed  with  2^ 
per  cent,  ammonia,  first  by  decantation  and  finally,  after  the  precipi- 
tate is  in  the  crucible,  until  the  filtrate  no  longer  gives  the  test  for 
chlorides.  The  precipitate  is  dried  at  110°  C.  and  then  the  crucible 
is  placed  in  an  air-bath  (cf.  Fig.  11,  p.  25),  having  the  bottom  of 
the  Gooch  crucible  come  within  about  2-3  mm.  of  the  bottom  of 
the  outer  crucible.    A  small  crystal  of  ammonium  nitrate  f  is  added 


*  Prepared  by  dissolving  65  gms.  crystallized  magnesium  chloride  and 
70  gms.  ammoniimi  chloride  in  650  c.c.  water  and  diluting  this  to  a  volume 
of  one  liter  with  ammonia,  sp.  gr.  0.96. 

t  Instead  of  using  ammonium  nitrate,  the  crucible  may  be  provided  with 
a  perforated  cover  and  then  heated  in  a  current  of  oxygen. 
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to  the  precipitate,  which  is  then  heated,  at  first  gently,  gradually 
increasing  the  temperatiu-e  until  a  light-red  glow  on  the  outer 
crucible  is  obtained,  after  which  the  precipitate  is  allowed  to  cool 
in  a  desiccator  and  is  weighed  as  Mg^As^Oy.  The  results  obtained 
are  excellent. 

Remark, — ^The  precipitate  produced  by  the  magnesia  mixture 
has  the  formula  MgNH4As04+6HjO  and  loses  5^  molecules  of  water 
at  102°  C. ;  it  has,  therefore,  been  proposed  to  dry  the  precipitate 
at  this  temperature  and  to  compute  the  amount  of  arsenic  present 
as  follows: 

[MgNH^AsO^ + iH,0] :  As = p :  X. 

It  is,  however,  impossible  to  obtain  a  constant  weight  at  this 
temperature,  so  that  the  procedure  is  not  to  be  recommended. 
If  the  precipitate  is  dried  at  105-110°  C.  the  salt  is  obtained  almost 
entirely  free  from  water  and  at  a  slightly  higher  temperature  it 
begins  to  decompose.  The  only  form  in  which  the  precipitate 
should  be  weighed  is  as  magnesium  pyroarsenate. 

Solubility  of  Magnesium  Ammonium   Arsenate,  accordihg 

to  Levol. 

600  parts  of  water  dissolve  1  part  of  the  salt. 

In  2^  per  cent,  anunonia  it  is  almost  entirely  insoluble. 

Colorimetric  Determination  of  Arsenic. 

By  a  suitable  application  of  the  Gutzeit  reaction  (cf.  Vol.  I, 
p.  197)  the  author  and  P.  Comment  have  succeeded  in  working  out 
a  colorimetric  method  for  the  determination  of  arsenic  which  per- 
mits the  quantitative  determination  in  a  short  time  and  at  any 
place  of  very  small  amounts  of  arsenic,  such  as  are  found  in  many 
mineral  waters. 

Procedure. — ^From  1-5  c.c.  of  the  water  to  be  tested,  contain- 
ing not  more  than  15  mgm.  arsenic  to  the  liter,  are  placed  in 
the  15  c.c.  tube  G  (Fig.  34)  and  a  strip    of    chemically   pure 
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Bine*  is  added.  The  funnel-tube  T,  filled  with  concentrated 
sulphuric  acid  nearly  up  to  the  circular  bend  of  the  inner 
capillary  tube,  is  then  connected  with  G. 
A  small  glass  cylinder  g  is  hung  upon 
this  capillary  tube,  as  shown  in  the  illustra- 
tion, and  upon  the  cylinder  is  placed  a  thin, 
even  wad  of  glass  wool  w.  A  piece  of  silver- 
nitrate  paper  (prepared  as  described  below)  is 
placed  upon  the  upper  rubber-covered  edge 
of  the  funnel-tube  T  and  this  is  held  in  place 
by  the  weight  of  a  lead  ring.t 

After  this  10  c.c.  of  sulphuric  acid  (1.5  e.c. 
concentrated  sulphuric  acid  and  8.5  c.c.  of 
water)  are  added  at  one  time  through  the  side- 
am,  of  the  test-tube  by  means  of  a  long- 
stemmed   funnel  whose  lower  end  is  repre- 
sented in  the  drawing.    A  steady  gas  evolution 
at  once  ensues.    If  only  1/lOOmgm,  of  As,0,i8 
present,  the  silver-nitrate  paper  will  be  colored 
a  distinct  yellow  at  the  end  of  a  few  muiutes; 
after  twenty  minutes  the  reaction  will  be  com- 
plete.    The  silver-nitrate  paper  is  immediately  placed  in  a  desic- 
cator and  left  there  for  the  time  being.    The  clampbetweenthe  side- 
arm  and  the  funnel  end  is  now  opened,  the  tube  T  is  removed  but  not 
cleaned  (it  can  be  used  repeatedly  for  any  number  of  determina- 
tions), the  test-tube  is  cleaned  and  the  experiment  repeated,  using 
different  arsenic  solutions  containing  known  amounts  of  arsenic. 
In  this  way  a  number  of  disks  of  silver-nitrate  paper  are  obtained 
of  varying  shades  and  they  are  all  allowed  to  remain  in  the  desic- 
cator, which  is  placed  in  the  dark  for  one  to  two  days.    By  com- 
paring the  shade  obtained  from  the  solution  that  was  analyzed 
with  those  produced  by  known  amounts  of  arsenic,  the  amount  of 
arsenic  present  is  easily  determined. 

For  the  standard,  a  solution  is  used  which  contains  20  mgm,  of 


*The  zinc  stripe  are  prepared  by  rolling  together  »inc  that  has  beeo 
healed  to  150°  C.  and  hammered  out. 

-j-  Clamps,  aa  shown  in  the  figure,  are  useful  but  not  absolutely  tteeesaBry. 
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arsenic  trioxide  dissolved  in  a  liter^  and  for  the  preparation  of  the 
scale 

0.05  c.c.  =  0.001  mgm.  AsjOj 
0.10    "  -0.002      " 
0.15    "  =0.003      " 


1.00    "  =0.02 


« 


The  results  obtained  by  this  method  are  satisfactory.  Com- 
ment found: 

I.            II.  III. 

Calculated ...  14.08        28. 1  52. 18  mgm.  Asjd^  per  liter 

Determined ..  15.0          27.5  50.        "          "       "     " 

For  the  determination  of  the  arsenic  in  a  mineral  water,  usually 
100  c.c.  are  sufficient.  This  amount  is  evaporated  in  a  porce- 
lain dish  to  as  small  a  volume  as  possible  and  neutralized  with 
sulphuric  acid.  The  solution  thus  obtained  is  carefully  washed  into 
the  test-tube  of  the  apparatus  and  the  above  process  carried  out. 

For  the  preparation  of  the  silver-nitrate  disks  a  cold,  concen- 
trated solution  of  potassium  chlorate  is  satm'ated  with  silver  nitrate; 
the  pieces  of  pure  filter-paper  are  dipped  into  this  solution  and  then 
dried  in  a  vacuum  over  calcium  chloride.  The  dried  paper  is  once 
more  dipped  in  the  silver-nitrate  bath  and  again  dried.  When 
prepared  in  this  way  the  disks  can  be  kept  in  the  dark  for  an  imlim- 
ited  length  of  time. 

If  the  potassiiun  chlorate  is  not  added  to  the  silver-nitrate 
solution,  it  is  impossible  to  obtain  pm'e  white  disks;  they  are 
colored  grayish  violet  and  the  sharpness  of  the  reaction  is  dimin- 
ished to  a  considerable  extent. 

ANTIMOinr,  Sb.     At.  Wt.  120. 
Forms:  Sb^Sg,  SbjO^  and  Sb. 

I.  Determination  as  Trisulphidey  Sb^,. 

Hydrogen  sulphide  is  passed  for  twenty  minutes  into  the  cold 
solution  of  an  antimonite  or  antimonate,  then,  without  stopping 
the  current  of  hydrogen  sulphide,  the  solution  is  heated  to  boiling 


DETERMINATION  OF  ANTIMONY  AS  TETROXIDE.  169 

and  the  gas  passed  through  it  for  fifteen  miuntes  more,  after  which 
the  now  dense  precipitate  is  filtered  through  a  Gooch  crucible, 
and  washed  with  50  to  75  c.c.  of  hot,  very  dilute  acetic  acid  into 
which  hydrogen  sulphide  has  been  passed.  The  dried  precipitate 
is  heated  gradually  in  a  Paul's  *  drying-oven  (cf.  Fig.  19,  p.  31)  to 
230°  C,  meanwhile  passing  a  stream  of  dry  carbon  dioxide  t 
through  the  apparatus.  The  sulphur  contaminating  the  pre- 
cipitate is  volatilized  by  this  treatment  and  collects  upon  the 
watch-glass  over  the  glass  pipe  (Fig.  19).  The  antimony  penta- 
sulphide  present  is  also  decomposed  into  graphite-colored  antimony 
trisulphide  and  sulphur.  As  soon  as  all  the  sulphur  is  removed  the 
crucible  is  allowed  to  cool  arid  is  weighed. 

Remark. — By  long-continued  heating  a  small  amount  of  anti- 
mony trisulphide  is  volatilized;  it  should  never  be  heated  more  than 
half  an  hour  at  one  time.  The  operation  is  complete  when  two 
successive  weighings  do  not  differ  from  one  another  by  more  than 
\  mgm.  With  regard  to  the  precipitation  of  the  antimony  sulphide 
it  is  important  that  the  above  directions  should  be  followed.  If 
the  antimony  is  precipitated  from  cold  solutions  it  is  likely  to  pass 
through  the  filter  on  washing.  If  the  hydrogen  sulphide  is  passed 
at  once  into  a  boiling  solution,  a  large  amount  of  the  precipitate 
adheres  so  firmly  to  the  glass  sides  of  the  beaker  that  it  cannot  be 
removed  by  rubbing  with  a  rubber-covered  stirring-rod. 

2.  Determination  as  Tetrozidey  SbaO^  (Bunsen). 

This  method  was  first  proposed  by  Bunsen,^  but  later  given  up 
because  he  believed  it  to  be  inaccurate.§  The  experiments  of 
Brunck  \\  and  Rossing,^  however,  have  shown  that  the  method 
when  carried  out  correctly  yields  reliable  results.  In  the  majority 
of  cases  it  is  desired  to  determine  the  amount  of  antimony  present 

*Zeit.  f.  anal.  Chem.,  XXXI,  540. 

t  If  the  precipitate  is  contaminated  with  considerable  sulphur  it  is  ad- 
visable to  remove  it  at  once.  For  this  purpose  the  precipitate  is  washed 
three  times  with  alcohol,  then  with  a  mixture  of  equal  parts  carbon  bisul- 
phide and  alcohol,  then  twice  with  carbon  bisiilphide.  and  finally  with  alcohoL 

{  Ann.  d.  Ch.  u.  Pharm.,  106,  3. 

§  Ibid,,  192,  316. 

n  Zeit.  fur  anal.  Chem.,  XXXIV,  171. 

If  /Wd.,  XLI,  9. 
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in  a  mixture  of  its  tri-  and  pentasulphides^  or  in  a  mixture  of  one  or 
the  other  of  the  two  compounds  with  sulphur.  According  to  Ros- 
sing  it  is  best  to  proceed  as  follows:  The  sulphide  of  antimony,  pre- 
cipitated from  a  hot  solution,  is  washed  at  first  with  hot  water, 
then  with  alcohol,  afterwards  with  a  mixture  of  alcohol  and  carbon 
bisulphide  (in  order  to  remove  the  sulphur),*  again  with  alcohol, 
and  finally  with  ether,  afterwards  drying  the  precipitate  by  warm- 
ing slightly.  The  bulk  of  the  precipitate  is  separated  from 
the  filter,  placed  upon  a  watch-glass,  and  the  portion  remaining 
upon  the  filter-paper  is  dissolved  in  a  little  hot  amoniimi  sul- 
phide, evaporated  in  a  weighed  porcelain  crucible  to  dryness,  and 
heated  gently  over  the  free  flame.  The  main  part  of  the  precipi- 
tate is  then  added,  the  crucible  is  covered  with  a  watch-glass,  and 
fuming  nitric  acid  cautiously  added.  After  the  first  violent 
action  is  over  the  crucible  is  heated  on  the  water-bath  until  the  gas 
evolution  has  entirely  ceased,  the  watch-glass  is  then  removed,  and 
the  contents  of  the  crucible  evaporated  to  dryness.  This  opera- 
tion is  repeated  until  all  of  the  sulphur  is  oxidized.  The  sulphuric 
acid  formed  is  eventually  driven  off  by  careful  heating  over  a  free 
flame,  the  open  crucible  is  placed  in  the  opening  of  an  inclined  disk 
of  asbestos  board,  and  the  temperature  is  gradually  increased  until 
finally  the  full  heat  of  the  Teclu  burner  is  obtained.  The  precipi- 
tate suffers  no  decomposition  at  this  temperature;  it  is  important, 
however,  to  take  care  that  none  of  the  reducing  gases  from  the  gas- 
fiame  enter  the  crucible,  as  in  that  case  there  will  be  an  immediate 
reduction  to  the  volatile  trioxide  and  a  considerable  loss  can  be 
occasioned. 

The  results  obtained  by  this  method  are  perfectly  satisfactory. 

3.  Determination  of  Antimony  as  Metal. 

Antimony  may  be  deposited  from  acid  solutions  by  means  of 
the  electric  current;  the  metal,  however,  does  not  adhere  well  to 
the  electrode,  so  that  this  method  cannot  be  used  for  its  quantita- 
tive determination.  Parrodi  and  Mascazzini,  and  afterwards 
Classen  and  his  students,  have,  notwithstanding,    succeeded   in 

*  Thiele.  Ann.  d.  Chem.  und  Phann.,  263,  372. 
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ascertaining  under  what  conditions  antimony  can  be  satisfactorily 
deposited. 

If  a  solution  of  sodium  or  ammonium  sulphoantimonite  or 
antimonate  is  subjected  to  electrolysis  with  a  current  of  0.2-1 
ampere,  the  antimony  will  be  deposited  upon  the  cathode  as  steel- 
gray,  metallic  antimony,  and  the  deposit  adheres  so  firmly  that  it 
can  be  dried  and  weighed  without  loss.  The  chief  condition  for 
the  success  of  this  operation  is  the  absence  of  polysulphides.  In 
case  these  substances  are  present  the  antimony  is  incompletely 
deposited  and  in  some  cases  not  at  all. 

Procedure, — ^The  precipitate  of  antimony  sulphide  obtained 
in  the  usual  course  of  analysis,  and  which  is  usually  contaminated 
with  sulphur  to  a  considerable  extent,  is  dissolved  in  as  little  as 
possible  of  a  concentrated  solution  of  sodium  sulphide;*  75  c.c.  of 
a  freshly  prepared  20  per  cent,  solution  of  sodium  sulphite,  (NajSO, 
+  7H,0),t  are  added  and  the  solution  heated  until  completely  decol- 
orized. It  is  allowed  to  cool,  30-40  c.c.  more  of  sodium  sulphide 
solution  are  added,  the  mixture  is  diluted  to  a  volume  of  100  c.c. 
with  distilled  water  and  this  solution  is  electrolyzed  in  the  cold  in 
an  unpolished  platinum  dish  with  a  current  of  0.25-0.5  ampere.  If 
the  electrolysis  is  started  in  the  evening  it  will  usually  be  complete 

*  To  prepare  the  sodium  sulphide  solution,  the  following  procedure  is 
necessary:  Sodium  hydroxide  (purified  by  alcohol)  is  dissolved  in  water 
until  a  solution  is  obtained  of  1.35  specific  gravity.  This  solution  is  placed 
in  a  flask  with  a  long  neck  of  such  a  size  that  the  solution  reaches  the 
lower  part  of  the  neck  and  a  rapid  stream  of  hydrogen  sulphide  is  passed 
into  the  solution,  keeping  it  out  of  contact  with  the  air  as  much  as  possible, 
using  a  double-bored  cork  stopper.  When  there  is  no  further  increase,  in  the 
volume  of  the  solution,  the  clear  yellow  liquid  is  filtered  quickly  (to  remove 
any  sulphide  of  Fe,  Ni,  Ag,  etc.)  into  a  platinum  or  thin  porcelain  dish,  and 
is  evaporated  until  a  film  of  crystals  begins  to  form,  when  the  hot  solution 
is  poured  into  a  30-c.c.  glass-stoppered  bottle.  The  bottle  is  stoppered  and 
then  sealed  with  paraffin.  On  cooling  long  crystals  of  NajS-f  9HjO  sepa- 
rate out.  When  prepared  in  this  way  the  solution  can  be  kept  indefinitely 
in  the  air-tight  bottle. 

t  The  sodium  sulphite  serves  to  change  any  polysulphide   present   into 

xnonosulphide: 

Na^.  +  4Na^03=  4Na^,03 + Na^. 

Lecreuier  suggested  this  procedure;  hydrogen  peroxide  also  accomplishes 
the  same  end. 
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the  next  morning.  The  deposited  metal  is  washed,  without  break- 
ing the  circuit,  as  described  in  the  copper  determination,  with  water 
and  finally  with  absolute  alcohol  and  ether,  after  which  it  is  dried 
and  weighed.  The  anode  will  always  be  colored  slightly  yellow 
with  a  little  deposited  sulphur.  If  the  solution  contained  an  insuf- 
ficient quantity  of  sodiiun  sulphide  the  anode  will  show  a  film  of 
orange  antimony  sulphide.  In  this  case  a  few  cubic  centimeters 
more  of  sodium  sulphide  solution  should  be  added  (which  is  usually 
sufiicient  to  dissolve  it). 

If  a  hot  solution  is  electrolyzed  (at  70-80°  C.)  and  a  current  of 
from  1-1.5  amperes  is  used  with  an  electromotive  force  of  2.5-3.2 
volts,  0.35  gm.  of  antimony  will  be  deposited  in  one  and  one-half 
hours. 

Remark, — F.  Henz  *  has  recently  shown  that  instead  of  adding 
sodium  sulphite  to  the  bath,  potassiiun  cyanide  may  be  used. 
This  reagent  reduces  polysulphides  with  ease  to  monosulphides: 

KCN+Na,S,=KCNS+Na^. 

Potassium  cyanide  has  the  advantage  that  1  gm.  will  do  aa 
much  work  as  4  gms.  of  sodium  sulphite,  and  it  is  much  more  solu- 
ble.  One  or  two  grams  of  the  cyanide  added  to  the  bath  are  suf- 
ficient to  keep  it  colorless  during  the  electrolysis  of  0.1  gm.  of  anti- 
mony. 

For  cleaning  the  electrodes  from  deposited  antimony  Hens 
recommends  the  use  of  nitric  acid  saturated  with  tartaric  add. 

TIN,  Sn.    At.  Wt.  118.5. 
Forms:  SnO,,  Sn. 

z.  Determination  as  Tin  Diozidei  SqO^ 

Two  cases  are  to  be  distinguished : 

(a)  The  Tin  is  Present  as  Metal  (in  an  Alloy), 
(6)  The  Tin  is  Present  in  Solution. 

(a)  The  Tin  is  Present  in  an  Alloy, 

In  case  the  tin  is  present  in  an  alloy  it  may  be  treated  accord* 
ing  to  the  method  of  Busse  t  as  follows : 

*  Inaug.  Diasertation,  Zurich,  1903.         f  Zeit.  f .  anal  Chem.,  17»  58. 
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About  0.5  gm.  of  the  alloy,  in  the  form  of  borings,  is  treated  in 
a  beaker  with  6  e.e.  of  nitric  acid  (sp.  gr.  1.5),  3  c.c.  of  water  are 
slowly  added  and  the  beaker  is  then  quickly  covered  with  a  watch- 
glass.  As  the  water  is  mixed  with  the  acid  a  violent  reaction  takes 
place.  When  the  evolution  of  nitric  oxide  (brown  vapors  on  coming 
in  contact  with  the  air)  has  ceased,  the  solution  is  heated  to  boiling 
and  diluted  with  50  c.c.  of  boiling  water;  the  precipitate  is  allowed 
to  settle  completely,  then  filtered,  washed,  and  dried.  After  burning 
the  filter,  moistening  the  ash  with  nitric  acid  and  drying  on  the 
water-bath,  the  precipitate  is  ignited,  at  first  gently  and  finally 
strongly,  over  the  Teclu  burner  or  blast-lamp.     It  is  weighed  as 

SnOa. 

The  tin  dioxide  thus  obtained  is  never  pure;  it  always  contains 
small  amounts  of  other  oxides  and  must  be  purified  as  follows: 
After  weighing,  the  precipitate  is  mixed  with  six  times  as  much  of  a 
mixture  consisting  of  equal  parts  calcined  sodium  carbonate  and 
pure  sulphur,  and  this  mixture  is  heated  in  a  covered  crucible  over 
a  small  flame  until  the  excess  of  sulphur  is  almost  entirely  removed. 
This  point  is  easily  recognized  by  there  being  no  longer  any  odor 
of  SOj  and  no  blue  flame  of  burning  sulphur  evident  between  the 
cover  and  the  crucible.  After  cooling  the  melt  is  treated  with  a 
little  hot  water,  whereby  the  tin  goes  into  solution  *  as  sodium 
sulphostannate  (cf.  Vol.  I,  p.  222),  together  with  some  copper  and 
iron.  The  deep-brown  liquid,  therefore,  is  treated  with  sodium 
sulphite  t  solution  until  it  becomes  only  slightly  yellow  in  color,  after 
which  any  iron  or  copper,  etc.,  will  be  quantitatively  precipitated 
as  sulphides.  The  latter  are  filtered  off  and  washed,  first  with  water 
to  which  a  little  sodium  sulphide  has  been  added  and  finally  with 
hydrogen  sulphide  water.  As  a  rule  the  amount  of  insoluble  sul- 
phide formed  by  this  treatment  Ls  so  small  that  after  drj'ing  it  can 
be  ignited  in  the  air  and  changed  to  oxide  without  introducing  any 
appreciable  error.    K  this  weight  is  subtracted  from  the  original 

*  Frequently  a  single  fusion  with  sodium  carbonate  and  sulphur  is  insuf- 
ficient; this  is  recognized  by  obtaining  a  sandy  residue  insoluble  in  water. 
In  this  case  the  residue  is  filtered,  washed,  dried,  and  the  fusion  repeated 
until  all  the  tin  is  brought  into  solution. 

t  The  sodium  sulphite  changes  the  sodium  polysulphide  to  monosulphide, 
in  which  copper  and  iron  sulphides  are  insoluble. 
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amount  of  impure  stannic  oxide,  the  weight  of  pure  stannic  oxide 
will  be  obtained.  If,  however,  the  amount  of  impurity  present 
with  the  residue  of  metastannic  acid  should  be  large,  the  different 
metals  must  be  separated  according  to  one  of  the  methods  for  the 
separation  of  the  sulpho-bases  and  the  weight  of  each  oxide  deter- 
mined separately  and  the  sum  of  their  weights  subtracted  from  the 
original  weight  of  the  tin  dioxide.  Instead  of  determining  the 
amount  of  impurity  present  with  the  tin  dioxide,  the  filtrate  from 
the  insoluble  sulphides  can  be  acidified  with  acetic  acid  and  the  tin 
precipitated  as  yellow  stannic  sulphide,  which,  after  it  has  com- 
pletely settled,  is  filtered  off  and  changed  by  careful  ignition  intcv 
tin  dioxide,  as  described  on  p.  175,  and  weighed  as  such. 

(5)  Tin  is  Present  in  SdnHon. 

(a)  The  Solution  Contains  Tin  only. 

If  the  solution  contains  tin  in  the  form  of  stannic  salt  (chloride- 
or  bromide),  a  few  drops  of  methyl  orange  are  added  and  then 
ammonia  solution  until  the  pink  color  of  the  indicator  is  changed 
to  yellow.  Ammonium  nitrate  (obtained  by  the  neutralization  of 
20  c.c.  of  concentrated  anmionia  with  nitric  acid)  is  added  and  the 
solution  is  diluted  to  a  volume  of  300  c.c,  heated  to  boiUng,  filtered 
after  the  precipitate  has  settled,  washed  with  hot  water  containing 
anunonium  nitrate,*  dried,  ignited  in  a  porcelain  crucible,  and 
weighed  as  SnO,. 

Remark. — If  the  solution  contains  non-volatile  organic  acids,, 
this  method  cannot  be  used  for  the  determination  of  tin.  In  this 
case  the  tin  must  be  first  precipitated  as  sulphide  by  means  of 
hydrogen  sulphide  (cf.  p.  175).  If  the  tin  is  not  in  solution  as 
stannic  salt,  but  as  stannous  salt,  the  solution  must  be  first  oxidized 
by  the  addition  of  bromine  water  until  a  permanent  yellow  color  is 
obtained,  after  which  the  solution  is  neutralized  with  ammonia  and 
treated  as  above  described. 

According  to  J.  Lowenthal,  tin  may  be  precipitated  from  slightly 
acid  stannic  chloride  or  bromide  solutions  in  the  presence  of  anmio* 
nium  nitrate.    Methyl  orange  is  added  to  the  solution  and  then 

*  The  ammonium  nitrate  prevents  the  formation  of  soluble,  amorphous 
stannic  acid;  it  "salts  out"  the  precipitate  (cf.  Vol.  I,  p.  71). 
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ammonia  until  a  yellow  solution  is  obtained;  '*'  dilute  nitric  acid  is. 
now  added,  drop  by  drop,  until  the  solution  just  becomes  pink  again, 
more  ammonium  nitrate  solution  is  added  (20  c.c.  of  concentrated 
ammonia  exactly  neutralized  with  nitric  acid),  the  solution  is 
diluted  to  300  c.c,  boiled  for  some  time,  filtered,  washed  with  water 
containing  ammonium  nitrate,  dried,  ignited,  and  weighed  as  SnO,. 
This  method  is  employed  when  the  solution  contains  small  amounts 
of  alkaline  earths;  they  remain  in  solution.  Sodiimi  sulphate  can 
be  used  instead  of  anunoniimi  nitrate  to  ''salt  out"  the  tin  precipi- 
tate, but  although  the  tin  will  be  quantitatively  precipitated,  some 
sodium  sulphate  will  be  also  thrown  down,  so  that  high  results  will 
be  obtained. 

0?)  The  Sclvlion  Contains,  besides  Tin,  Metals  of  the  Preceding 

Oroups  or  Organic  Substances, 

In  this  case,  independent  of  whether  the  tin  is  present  in  the 
form  of  stannic  or  stannous  salts,  hydrogen  sulphide  is  conducted 
into  the  dilute  solution  until  it  is  saturated  with  the  gas;  the  solu- 
tion is  allowed  to  stand  until  the  odor  of  hydrogen  sulphide  has 
almost  disappeared  and  then  filtered.  The  precipitate  is  washed 
with  a  solution  of  anmionium  nitrate  (or  ammonium  acetate)^ 
dried,  transferred  as  completely  as  possible  to  a  porcelain  crucible, 
and  the  ash  of  the  filter  added.  The  tin  sulphide  is  at  first  gently 
heated  in  a  covered  crucible  to  avoid  loss  by  decrepitation,  and  after- 
wards in  an  open  crucible  until  the  odor  of  sulphur  dioxide  is  no 
longer  perceptible.  The  temperature  now  is  raised  gradually  until 
finally  the  full  heat  of  a  good  Teclu  burner  is  obtained  or  the  cruci- 
ble is  heated  over  the  blast-lamp.  As  tin  dioxide  holds  fast  to 
some  sulphuric  acid  with  great  tenacity,  after  cooling  the  crucible 
somewhat  a  piece  of  ammonium  carbonate  the  size  of  a  pea  is  added, 
the  crucible  covered  and  again  heated,  after  which  it  is  weighed  as 
SnO,.  The  heating  with  the  addition  of  ammonium  carbonate  is 
repeated  until  a  constant  weight  is  obtained. 

*  The  excess  of  acid  cannot  be  removed  by  evaporation  on  account  of  the 
volatility  of  stannic  chloride. 
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2.  Determination  of  Tin  as  MetaL 

Like  antimony,  tin  can  be  deposited  electrol3rtically  from  a  solu- 
tion of  amTrumium  sulphostannat^,  but  on  the  other  hand  it  is  not 
deposited  from  a  solution  of  sodium  sulphostannate,  if  the  solution 
contains  a  large  excess  of  sodium  sulphide  and  a  weak  current  is 
used.  This  property  is  made  use  of  in  the  electrolytic  separation 
of  antimony  from  tin.* 

In  the  course  of  analysis  it  is  usually  a  question  of  determining  the 
amount  of  tin  present  in  a  precipitate  of  sulphide  of  tin  (SnS,  SnS,, 
or  a  mixture  of  both  produced  by  the  action  of  hydrogen  sulphide), 
or  in  a  solution  of  sodium  sulphostannate  (obtained  by  the  fusion 
of  tin  dioxide  with  sodium  carbonate  and  sulphur).  If  the  tin  is 
present  as  sulphide  it  is  dissolved  in  ammonium  sulphide  (obtained 
by  saturating  ammonia  with  hydrogen  sulphide)  to  which  a  little 
sulphur  has  been  added  in  order  to  dissolve  any  SnS  present.  After 
this  70  c.c.  of  a  20  per  cent,  solution  of  sodium  sulphide  are  added 
and  5  c.c.  more  of  ammonium  sulphide,  the  solution  is  diluted  to 
150  c.c.  and  electrolyzed  cold  with  a  current  of  0.5-0.7  ampere. 
Six  or  seven  hours  suffice  to  deposit  0.2  gm.  tin.  If  the  solution 
is  kept  at  a  temperature  of  from  50-60®  C.  and  electrolyzed 
with  a  current  of  from  1-2  amperes  and  an  electromotive  force 
of  from  3.5-4  volts,  the  same  amount  of  tin  will  be  deposited  in 
one  hour. 

Remark. — ^When  more  than  0.2  gm.  of  tin  is  present  in  the  solu- 
tion, the  metal  is  likely  to  deposit  in  a  spongj*^  condition,  particularly 
when  too  strong  a  current  is  used  at  the  start.  Consequently,  care 
should  be  taken  that  the  solution  does  not  contain  more  than 
this  amount,  and  a  current  of  not  more  than  0.5  ampere  should- 
be  used  at  first.  The  tin  then  will  be  obtained  usually  in  the 
form  of  a  bright  deposit ;  sometimes  it  will  be  somewhat  spongy, 
but,  nevertheless,  it  will  adhere  strongly  enough  to  the  electrode 
so  that  it  can  be  washed  and  weighed  without  loss. 

The  presence  of  polysulphides  is  said  to  cause  no  harm;  on 
the  contrary  it  has  been  reconmiended.     From  experiments  per- 


*  Cf.  B.  Xeumann,  Theorie  und  Praxis  d.  analyt.  Electrolyse  der  Metalle. 
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formed  in  the  author's  laboratory,  however,  it  can  be  said  that 
the  separation  without  polysulphides  takes  place  very  satis- 
factorily. 

Beautiful  deposits  of  tin  were  obtained  by  Engel's  *  method 
of  electrolyzing  stannous  chloride  from  warm  solutions  contain- 
ing hydroxylamine,  tartaric  acid,  and  ammonium  acetate;  it  is 
very  difficult,  however,  to  remove  the  last  traces  of  tin  by  this 
method. 

Separation  of  Arsenic,  Antimony,  and  Tin  from  the  Members  of 

the  Ammonium  Sulphide  Group. 

The  separation  is  effected  by  passing  hydrogen  sulphide  into 
the  acid  solution  of  the  above  metals  whereby  arsenic,  antimony, 
and  tin  are  precipitated  as  sulphides,  while  the  remaining  metals 
remain  in  solution. 

From  an  alloy,  or  the  solid  sulpho-salts  of  the  above  metals, 
arsenic,  antimony,  and  tin  may  be  readily  volatilized  by  heating 
in  a  stream  of  chlorine;  the  chlorides  of  these  three  metals  are 
readily  volatile,  while  those  of  the  remaining  metals  are  only 
difficultly  so. 

Separation  of  Arsenic,  Antimony,  and  Tin  from  Mercury,  Lead, 

Copper,  Cadmium,  and  Bismuth. 

If  the  metals  are  all  in  solution,  they  are  precipitated  by  means 
of  hydrogen  sulphide  and  the  precipitated  sulphides  after  being 
filtered  and  washed  are  treated  with  alkali  sulphide  solution. 
If  mercury  is  present,  ammonium  sulphide  should  be  used,  but 
in  the  absence  of  this  metal  colorless  sodium  sulphide  works 
better  (cf.  Vol.  I,  p.  151). 

If  the  metals  of  this  group  are  in  the  form  of  an  alloy  (arsenic 
and  mercury  are  seldom  met  with  to  any  extent),  the  antimony 
and  tin  are  separated  from  the  remaining  metals  on  treating 
the  alloy  with  nitric  acid.  The  tin  is  left  behind  as  meta- 
. stannic  acid,  insoluble  in  dilute  nitric  acid,  with  the  antimony 


*  Neumann,  Theorie  und  Praxis  dcr  analytischcn  Electrolyse  der  Metalle. 
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as  nearly  insoluble  antimonic   acid.     The  small  amount  of  the 

latter   (and   the   remaining   metals   of   this  group)   are   precipi- 

_  tated  by  hydrogen  sulphide  and  separated  from 

the  copper  group  by  means  of  alkaline  sulphide 

solution. 

The  separation  of  tin  from  the  remaining 
metals  of  the  group  can  be  illustrated  by  a 
practical  example. 

Analysis  of  Bronzes. 

A  bronze  is  an  alloy  of  tin  and  copper  in 
varying  proportions.  It  almost  always  con- 
tains besides  these  metals  more  or  less  lead, 
aluminium,  iron,  manganese,  zinc,  and  phos- 
phorus. 

Procedure. — About  0.5-1  gm.  of  the  alloy  in 
the  form  of  borings  *  is  placed  in  a  beaker, 
treated  with  6  e.c.  of  nitric  acid,  sp.  gr.  1.6,  and 
3  c.c,  of  water  are  added,  after  which  the 
beaker  is  immediately  covered  with  a  watch- 
glass.  When  the  reaction  begins  to  diminish, 
the  liquid  is  h^ted  to  boiling,  until  no  more 
brown  fumes  are  evolved,  when  50  c.c.  of 
boiling  water  are  added;  the  precipitate  (con- 
FiG,  36.  taining  all  the  tin,  the  phosphoric  acid,  and  always 

small  amounts  of  copper  oxide)  is  allowed  to  settle  completely^ 

•  Tlie  borings  are  usually  somewhat  oily,  in  whiph  rase  they  should  be 
waahed  with  ether  that  has  been  distilled  over  potash,  dried  at  about  80° C, 
and  weighed  after  cooling  in  a  desiccator.  Tlie  washing  witli  ether  is  best 
accomplished  in  a  Sovhlet's  fat-extraction  apparatus,  as  shown  in  Fig.  35. 
The  Ijoringa  are  placed  in  the  extraction-tube,  which  is  filled  with  ether  nearly 
up  to  the  bend  b  at  the  siphon-ami.  The  tube  is  then  connected  with  the- 
condenser  K.  After  this  from  20  to  30  c.c.  ot  ether  are  added  to  the  flask 
and  this  is  heated  gently  on  the  water-bath.  The  ether  vapors  pass  through 
the  wide  ude-arm  to  the  condenser  K,  where  they  are  condensed  and  drop 
upon  the  borings.  As  soon  as  the  ether  in  the  tu1>e  has  reached  the  height 
b,  it  is  siphoned  back  into  the  flask,  where  it  is  again  distilled.  All  the  f-t 
will  be  removed  from  the  borings  in  from  half  au  hour  to  an  hour. 
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is  filtered,  washed  with  hot  water,,  dri^d,  ignited  in  a  porcelain 
crucible,  and  weighed.  In  this  way  the  weight  of  the  SnOj-f  P2O5+ 
foreign  oxide  is  obtained.  In  order  to  obtain  the  weight  of  foreign 
oxide  (chiefly  copper  oxide)  the  precipitate  is  fused  with  a  mix- 
ture of  sodium  carbonate  and  sulphur  as  described  on  p.  173. 
The  sulphides  remaining  after  the  solution  of  the  melt  in  hot 
water  are  filtered  off,  converted  into  oxides  by  ignition  in  the 
air,  and  weighed.  By  subtracting  this  weight  from  that  pre- 
viously obtained,  the  weight  of  SnOj-fPjO,  is  obtained.  In  order 
to  obtain  the  weight  of  the  SnO,  a  separate  portion  is  analyzed 
according  to  the  method  of  Oettel  as  described  below  for  phos- 
phoric acid,  and  the  amount  of  phosphoric  anhydride  subtracted 
frpm  the  weight  of  Sn02-fP205. 

The  oxides  obtained  by  the  ignition  of  the  insoluble  sulphides 
are  dissolved  in  a  little  nitric  acid  (in  case  FcjOj  is  present  a 
little  hydrochloric  acid  is  also  necessary)  and  the  solution  of  the 
nitrates  is  added  to  the  first  filtrate  from  the  impure  metastannic 
acid.  To  this  solution  an  excess  of  dilute  sulphuric  acid  is  added, 
and  it  is  evaporated  on  the  water-bath  as  far  as  possible  and  then 
heated  over  a  free  flame  until  dense,  white  fumes  of  sulphuric 
acid  are  evolved.  After  cooling,  50  c.c.  of  water  and  20  c.c.  of 
alcohol  are  added,  the  precipitate  of  lead  sulphate  is  filtered  off 
and  its  weight  determined  as  described  on  p.  138.  The  filtrate 
from  the  lead  sulphate  is  heated  to  remove  the  alcohol  and  the 
copper  precipitated  by  means  of  hydrogen  sulphide  and  weighed 
as  CujS  according  to  p.  145.  In  the  filtrate  from  the  copper  sul- 
phide the  iron,  aluminium,  and  zinc  (also  manganese)  will  be 
found.  It  is  evaporated  to  a  small  volume  in  order  to  expel  the 
hydrogen  sulphide,  oxidized  by  the  addition  of  a  few  drops  of 
concentrated  nitric  acid,  and  the  iron  and  aluminium  separated 
from  the  zinc  by  means  of  a  double  precipitation  with  ammonia,* 
whereby  the  iron  and  aluminium  are  left  behind  as  hydroxides 


*  If  considerable  zinc  is  present,  the  above  separation  is  inexact.  In  this 
caae  the  filtrate  from  the  copper  sulphide  is  treated  with  sodium  acetate, 
heated  to  60°,  saturated  with  hydrogen  sulphide,  and  the  iron  and  aluminium 
determined  in  the  filtrate,  the  zinc  in  the  precipitate.  If  manganese  is 
present  in  the  alloy,  it  should  be  separated  from  iron  and  aluminium  aa 
described  on  pp.  121  to  125. 
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and  are  separated  and  determined  according  to  p.  94.  The 
zinc  is  precipitated  from  the  filtrate  after  acidifying  with  acetic 
acid,  by  passing  hydrogen  sulphide  into  the  boiling  solution.  The 
precipitated  zinc  sulphide  is  filtered  oflF,  dissolved  in  hydrochloric 
acid,  evaporated  to  dryness  in  a  weighed  platiniim  dish,  and  trans- 
formed to  oxide  by  heating  with  mercuric  oxide  by  Volhard's 
method  (cf.  p.  116). 

For  the  phosphorus  determination  Oettel  *  recommends  the 
following  procedure:  From  2-5  gms.  of  the  substance  are  dissolved, 
as  before,  in  nitric  acid,  and  the  impure  metastannic  acid  with  all. 
the  phosphorus  is  filtered  oflF,  dried,  and  transferred  as  com- 
pletely as  possible  to  a  porcelain  crucible.  The  ash  of  the 
filter  is  added,  and  the  contents  of  the  crucible  ignited.  After 
cooling,  the  substance  is  mixed  with  three  times  as  much  solid 
potassium  cyanide,  the  crucible  covered,  and  the  contents  fused; 
the  stannic  oxide  is  reduced  to  metal, 

SnOa  -h  2KCN  =  2KCN0  +  Sn, 

while  the  phosphoric  acid  is  converted  into  potassium  phos- 
phate. 

By  skilfully  rotating  the  crucible  during  the  fusion,  it  is  possi- 
ble to  unite  the  small  particles  of  molten  tin  into  a  larger  button 
whereby  the  subsequent  filtration  is  greatly  facilitated.  After 
cooling,  the  melt  is  treated  with  water  and  filtered.  The  filtrate 
is  cautiously  treated  with  hydrochloric  acid  under  a  good  hood 
and  boiled  to  remove  the  hydrocyanic  acid.  It  is  then  saturated 
with  hydrogen  sulphide  in  order  to  remove  traces  of  copper  and 
tin  which  almost  always  remain  in  the  solution.  The  filtrate  is 
freed  from  hydrogen  sulphide  by  boiling,  made  ammoniacal,  and 
the  phosphoric  acid  precipitated  as  magnesium  ammonium  phos- 
phate by  the  addition  of  magnesia  mixture.  After  standing  for 
twelve  hours,  the  latter  is  filtered  off,  washed  with  2\  per  cent, 
ammonia  water,  dried,  and  changed  by  ignition  to  magnesium 
pyrophosphate,  in  which  form  it  is  weighed. 

An  excellent  method  for  the  analysis  of  ordinary  bronzes  is 
the   following:    The   alloy    is   treated   with   nitric   acid   as   de- 

*  Chemikcr-Zeitune  (1S96),  p.  19. 
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scribed  above^  the  metastannic  acid  filtered  off,  and  the  filtrate 
electrolyzed,  using  a  dull  platinum  dish  as  cathode  and  a  dull 
disk-electrode  as  anode,  both  being  previously  weighed.  The 
solution  is  electrolyzed  in  the  cold  with  a  current  of  0.2-0.25 
ampere  and  at  the  end  of  twelve  hours  the  electrodes  are  washed 
without  breaking  the  circuit.  On  the  cathode  all  the  copper  is 
found,  and  on  the  anode  all  the  lead  as  PbO,.  The  siphoned 
solution  contains  the  iron,  aluminium,  and  zinc,  which  are  analyzed 
as  above  described.  The  phosphorus  is  determined  in  a  separate 
sample  as  before. 

Remark, — ^This  method  affords  exact  results  only  when  the 
copper  oxide  that  is  left  with  the  metastannic  acid  is  removed, 
as  described  in  the  previous  method,  by  fusion  with  sodium  carbo- 
nate and  sulphur,  dissolving  the  residual  copper  sulphide  in  nitric 
acid  and  adding  it  to  the  main  solution. 

Separation  of  the  Sulpho-acids  from  One  Another. 

z.  Arsenic  from  Antimony. 

(a)  Method  of  Bunsen* 

Principle. — If  a  slightly  acid  solution  of  an  alkali  arsenate 
and  antimonate  is  treated  with  hydrogen  sulphide  in  the  cold 
and  the  excess  of  the  latter  immediately  removed  by  conducting 
air  through  the  solution,  the  antimony  is  quantitatively  precipi- 
tated as  pentasulphide,  while  the  arsenic  remains  in  solution. 

Procedure. — ^Assume  the  arsenic  and  antimony  to  be  present 
in  the  solution  as  arsenious  and  antimonous  acids.  Both  ele- 
ments are  precipitated  by  hydrogen  sulphide,  filtered,  and  washed 
with  water.  The  greater  part  of  the  precipitate  is  transferred 
by  means  of  a  spatula  to  a  200-c.c.  porcelain  casserole,  and  the 
precipitate  remaining  on  the  filter  is  dissolved  into  the  casserole 
by  dropping  a  solution  of  hot  dilute  pure  caustic  potash  upon  it. 
From  ^5  gms.  of  pure  solid  caustic  alkali  are  added,  and  the 
precipitate  dissolves  to  a  clear  solution.f 

*  Ann.  d.  Chem.  und  Pharm.,  192,  305. 

t  If  alkaline  earths  were  the  only  metals  present  besides  the  arsenic  and 
antimony,  the  first  precipitation  with  hydrogen  sulphide  would  be  omitted. 
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The  casserole  is  now  covered  nith  a  perforated  watch-glaas. 
It  is  placed  upon  the  n'ater-bath,  and  chlorine  is  conducted  into 
the  solution  until  all  the  alkali  is  decomposed;  this  takes  from 
one-half  to  three-quarters  of  an  hour.  By  this  operation  the 
BFsenite  and  antimonite  are  oxidized  to  arsenate  and  antimonate 
and  a  small  amount  of  potassium  chlorate  is  formed.  Concen- 
trated hydrochloric  acid  is  now  added  to  the  warm  solution  drop  by 
drop  from  a  pipette  until  all  the  chloral*  is  decomposed  and  no 
more  chlorine  is  evolved.  The  watch-glass  is  removed,  the  solu- 
tion is  evaporated  to  half  its  volume,  and  then  an  equal  amount  of 
concentrated  hydrochloric  acid  is  added  and  the  solution  again 
evaporated  to  half  its  volume.  The  contents  of  the  casserole 
are  washed  by  means  of  dilute  hydrochloric  acid  into  a  large  beaker, 
diluted  with  water  to  a  volume  of  600  c.c,  and  for  every  decigram 
or  less  of  the  antimony  100  c.c.  of  freshly  prepared  hydrogen 
sulphide  water  are  added.  An  orange  precipitate  of  antimony 
pentasulphide  is  formed  at  the  end  of  a  short  time.  A  strong 
current  of  air  (filtered  through  a  wad  of  cotton)  is  then  passed 
through  the  solution  without  delay  until  the  excess  of  hydrogen 
sulphide  is  completely  removed;  this  usually  requires  about 
twenty  minutes.  In  order  to  avoid  loss  during  this  operation 
a  large  beaker  should  be  iiseil  to  contain  the  solution  and  it  should 
be  covered  with  a  perforated  watch-glass.  The  precipitate  of 
antimony  pentasulphide  is  likely  to  contain  traces  of  arsenic 
pentasulphide  so  that  it  is  dissolved  once  more  in  caustic 
potash  and  the  above  operation  repeated.  The  precipitate  now 
obtained  will  be  pure  antimony  pentasulphide.  It  is  filtered 
through  a  Gooch  crucible,  dried  at  230°  C.  in  a  stream  of  car- 
bon dioxide  in  a  Paul's  drying  oven  (Fig.  19,  p.  31),  and  weighed 
a&  Sb,S,.* 

For  the  arsenic  determination,  the  combined  filtrates  are  con- 
centrated somewhat  by  evaporation,  a  few  drops  of  chlorine 
water  are  added  and  hydrogen  sulphide  is  passed  into  the  warm 

sen  weiglied  the  antimony  as  pentasulphide  after  waahinK  with  car- 
jhide.  As,  however,  anlimony  pontasulpliide  ie  likely  to  be  changed 
sulphide  on  treating  with  earbon  bisulphide,  the  abo\-e  procedure 
Ai-pording  to  Braun,  Sb,S,  is  reduced  to  SbjS,  on  long^^vintitiued 
,  with  CS,. 
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solution  (being  kept  on  the  water-bath)  for  from  six  to  eight 
hours,  after  which  it  is  allowed  to  cool  in  a  rapid  stream  of 
hydrogen  sulphide.  After  allowing  the  precipitate  to  settle  for 
twenty-four  hours,  it  is  filtered  through  a  Gooch  crucible,  washed 
with  water,  then  three  times  with  alcohol,  four  times  with  a  mix- 
ture of  pure  carbon  bisulphide  and  alcohol  (cf.  p.  141),  and 
finally  three  times  with  pure  alcohol.  After  drying  at  110**  C, 
the  precipitate  is  weighed  as  AsjSj. 

Remark. — If  the  solution  contains  no  very  large  excess  of 
hydrogen  sulphide,  the  precipitate  will  always  contain  trisulphide, 
so  that  it  is  safer  to  dissolve  it  in  ammoniacal  hydrogen  per- 
oxide *  and  then  to  precipitate  the  arsenic  with  magnesia  mix- 
ture as  magnesium  anunonium  arsenate,  as  described  on  p.  165, 
weighing  it  as  MgjAsjO^. 

Remark, — ^The  method  gives  very  accurate  results,  but  con- 
sumes considerable  time. 

(6)  Method  of  Fred.  Neher.^ 

This,  in  the  author's  estimation,  the  best  method  for  the  separa- 
tion of  arsenic  and  antimony,  depends  upon  the  fact  that  arsenic 
is  precipitated  from  a  solution  strongly  acid  with  hydrochloric 
acid  by  a  rapid  stream  of  hydrogen  sulphide,  while  antimony  is 
not. 

Procedure. — Starting  with  a  precipitate  consisting  of  the  tri- 
Bulphides  of  arsenic  and  antimony,  this  is  dissolved  in  caustic 
potash  solution  and  oxidized  exactly  as  described  under  the 
previous  method.  When  free  from  chlorate,  the  acid  solution 
is  washed  into  an  Erlenmeyer  flask  and  cooled  by  surround- 
ing the  flask  with  ice.  In  another  flask  some  concentrated 
hydrochloric  acid  (sp.  gr.   1.2)   is  likewise  cooled.    When  both 

*  For  this  purpose  as  much  of  the  precipitate  as  possible  is  placed  in  a 
beaker,  the  portion  adhering  to  the  filter  is  dissolved  by  hot  ammonia  into 
the  same  beaker,  and  this  is  wanned  until  the  precipitate  has  entirely  dis- 
solved. After  this,  for  every  0.1  gm.  of  AsjSj,  30-60  c.c.  of  pure  3  per  cent. 
H2O2  are  added,  the  solution  heated  for  some  time  on  the  water-bath  and  then 
boiled  ten  minutes. 

t  Zeit.  f.  anal.  Chem.,  32,  45. 
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solutions  are  at  0^  C,  the  arsenic  antimony  solution  is  diluted 
with  twice  its  voliune  of  the  strong  hydrochloric  acid.  Into 
this  cold  solution  a  rapid  stream  of  hydrogen  sulphide  is  passed 
for  one  and  one-half  hours.  The  flask  is  stoppered  up  and  allowed 
to  stand  one  to  two  hours.  The  AsjSj  is  filtered  through  a  Gooch 
crucible  and  washed  with  hydrochloric  acid  (1  vol.  water,  2  vols,  con- 
centrated hydrochloric  acid)  until  1  c.c.  of  the  filtrate  after  being 
considerably  diluted  with  water  and  tested  with  hydrogen  sul- 
phide shows  no  precipitation.  It  is  then  washed  with  water,  and 
finally  with  hot  alcohol.  After  drying  at  110**  C,  the  precipitate 
is  weighed  as  As^Sj.* 

The  filtrate  from  the  arsenic  sidphide  is  diluted  largely  with 
water  and  saturated  with  hydrogen  sulphide.  The  SbjSg  is  filtered 
through  a  Gooch  crucible,  dried  at  230®  C.  in  a  Paul's  drying  oven 
and  weighed. 

(c)  The  Tartaric  Add  Method. 

Principle. — ^The  separation  is  based  upon  the  fact  that  if 
magnesia  mixture  is  added  to  a  solution  of  an  alkali  arsenate 
and  antimonate  containing  tartaric  acid,  only  arsenic  will  be  pre- 
cipitated. 

Procedure. — ^Tho  sulphides  are  oxidized  as  described  under 
(a)  by  solution  in  aqueous  caustic  potash  and  introduction  of 
chlorine.  The  solution  thus  obtained  is  made  acid,  treated  with 
tartaric  acid  and  an  excess  of  ammonia  added.  This  should 
not  cause  any  turbidity.  If  a  precipitate  is  formed,  it  shows  that 
an  insufficient  amount  of  tartaric  acid  is  present.  In  this  case 
the  clear  solution  is  decanted  off,  the  precipitate  is  dissolved  by 
warming  with  tartaric  acid,  and  the  two  solutions  are  mixed. 
To  the  clear,  ammoniacal  solution,  magnesia  mixture  is  added 
slowly  with  constant  stirring  (cf.  p.  165,  foot-note).  After  stand- 
ing   twelve    hours,    the    precipitate    of    magnesium    anmionium 

*  If  the  solution  was  not  cold,  some  arsenic  trisulphide  would  be  formed 
and  low  results  obtained.  For  the  greatest  possible  accuracy » it  is  advisable 
to  dissolve  the  precipitate  in  ammoniacal  hydrogen  peroxide  or  in  fuming 
nitric  acid,  afterwards  precipitating  the  arsenic  as  MgNH^AsO  ,  as  described 
on  p.  165. 
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arsenate  is  filtered  off  (it  usually  contains  a  little  basic  mag- 
nesium tartrate),  washed  a  few  times  with  2^  per  cent,  ammonia, 
dissolved  in  hydrochloric  acid,  and  reprecipitated  by  the  addi- 
tion of  an  excess  of  ammonia.  After  standing  for  twelve  hours 
more,  the  precipitate  is  filtered,  washed  with  2^  per  cent, 
ammonia,  and  weighed  as  magnesium  p3Toarsenate  as  described 
on  p.  165. 

Remark, — ^Arsenic  can  also  be  separated  from  tin  according 
to  the  above  method,  except  that  more  tartaric  acid  is  necessary 
to  prevent  the  precipitation  of  the  tin  than  is  the  case  when  an- 
timony alone  is  present  (cf.  p.  189). 

(d)  Method  of  E.  Fischer.* 

Principle. — ^This  separation  depends  upon  the  ready  vola- 
tility of  arsenic  trichloride  in  a  current  of  hot  hydrochloric  acid 
gas,  under  which  conditions  antimony  chloride  is  not  volatile.  If 
the  arsenic  is  present  as  arsenic  acid,  which  is  usually  the  case, 
the  distillation  must  take  place  in  the  presence  of  some  reducing 
agent,  best  a  ferrous  salt. 

Procedure. — ^The  apparatus  shown  in  Fig.  36  is  used  for  this 
determination.  In  the  course  of  analysis,  the  arsenic  and  anti- 
mony, as  a  rule,  are  obtained  first  in  the  form  of  the  sulphides,  and 
these  are  dissolved,  as  described  under  (a),  in  caustic  potash 
solution  and  oxidized  by  chlorine.  Instead  of  using  chlorine, 
the  alkaline  solution  may  be  boiled  with  hydrogen  peroxide  or 
potassium  percarbonate.  If  the  latter  method  is  used  for  the 
oxidation,  the  boiling  must  be  continued  until  there  is  no  further 
evolution  of  oxygen. 

The  oxidized  solution  is  treated  with  hydrochloric  acid  and 
transferred,  by  means  of  a  long-stenmied  fimnel,  to  the  400-n500-c.c. 
distilling-flask  K,  in  which  has  been  placed  25  gms.  of  powdered 
ferrous  ammonium  sulphate;  the  solution  is  diluted  in  the  flask  to 
about  200  c.c.  The  apparatus  is  then  put  together  as  shown  in  the 
drawing.  The  3-iiter  flask.  -B,  is  filled  with  750  c.c.  of  concen- 
trated hydrochloric  acid.     If  concentrated  sulphuric  acid  is  con- 


*  Zeit.  f.  anal.  Chem.,  21,  266. 
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tinually  dropped  into  the  flask  from  the  separatory  funnel  above, 
a  steady  stream  of  hydrochloric  acid  will  be  evolved,  which 
is  passed  through  the  flask  W  containing  concentrated  sulphuric 
acid,  and  from  thence  into  the  distilling-flask  K.    The  receiver  A 


PkG.  36. 

consists  of  a  liter  Erlenmeyer  flask  containing  400  c.c.  of  water 
and  kept  cool  during  the  entire  operation  by  a  steady  stream 
of  cold  water  flowing  around  it. 

A  rapid  current  of  hydrochloric  acid  is  passed  through  the 
apparatus  until  the  solution  in  the  flask  K  is  saturated  with  the 
gas;  this  usually  requires  about  three-quarters  of  an  hour  to  one 
hour.  The  solution  is  then  heated  to  boiling  and  distilled,  while 
the  hydrochloric  acid  ia  continually  passing  through  the  apparatus, 
until  about  100  c.c.  of  the  solution  have  passed  over.  If  the  re- 
ceiver A  is  kept  cool  •  there  will  be  no  loss  of  arsenious  chloride 
by  volatilization. 

For  the  arsenic  determination,  the  contents  of  the  beaker  B 
are  poured  into  the  flask  A,  the  whole  solution  is  saturated 
with  hydrogen  sulphide,  and  the  arsenic  determined  as  trisulphide 
(see  p.  164). 

For  the  antimony  determination,  the  solution  in  the  flask 
b   diluted    considerably    with    water,    saturated   with   hydrogen 

*  It  is  best  to  surround  the  receiver  with  ice-water. 
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sulphide,  and  the  antimony  determined  as  the  trisulphide  (see 
p.  168). 

(e)  Method  of  0,  Piloty  and  Alfred  Stock* 

This  method  is  very  similar  in  principle  to  the  previous  one, 
except  that  in  this  case  the  arsenic  acid  is  reduced  by  means  of 
hydrogen  sulphide  t  instead  of  ferrous  sulphate.  The  appara* 
tus  necessary  is  shown  in  Fig.  37. 
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Procedure, — ^The  solution  containing  the  arsenic  and  antimony 
in  either  the  trivalent  or  pentavalent  form  is  placed  in  the  300-c.c. 
flask  K,  diluted  to  175  c.c.  with  pure,  concentrated  hydrochloric 
acid  and  the  flask  connected,  as  shown  in  the  figure,  with  the 
Erienmeyer  flask  E  containing  about  100  c.c.  of  quite  dilute  hy- 
drochloric acid.  The  screw-cock  a  is  now  closed  and  a  slow,  steady 
current  of  hydrochloric  acid  gas  is  passed  through  the  appara- 
tus from  6  until  the  contents  of  K  are  saturated  with  the  gas. 
The  solution  is  then  heated  to  boiling  and  a  slow  current  of  hy- 
drogen sulphide  (not  more  than  two  bubbles  a  second)  is  passed 
through  the  flask  from  c,  while  the  contents  of  K  are  kept  boiling. 
If  arsenic  acid  is  present,  sulphur  will  separate  out  in  the  flask 
K,  while  arsenious  chloride  will  distil  over  and  be  changed  by 
the  hydrogen  sulphide  in  the  receiver  to  arsenic  trisulphide,  which 
separates  out  in  the  cold  liquid.  The  distillation  is  continued 
imtil  100  c.c.  have  distilled  over.  Then  a  is  closed,  but  the 
hydrochloric  acid  is  passed  through  until  the  hydrogen  sulphide 

*  Berichte,  80, 1649.  f  Cf.  Vol.  I,  p.  183  (ioot-note). 
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has  been  expelled  from  K]  this  wiU  be  effected  when  20  c.c» 
more  of  the  solution  have  distilled  over.  Now,  while  the  liquid 
in  2iC  is  still  boiling,  the  receiver  E  is  lowered  so  that  the  delivery- 
tube  no  longer  dips  in  the  liquid,  the  flame  is  removed,  and  the 
current  of  hydrochloric  acid  stopped.  All  of  the  arsenic  will  now 
be  found  in  £  as  arsenious  sulphide  mixed  with  sulphur,  while 
the  antimony  will  be  present  in  2iC  as  the  trichloride.  For  the 
arsenic  determination,  the  precipitate  in  £  is  filtered  off,  washed 
completely  with  water,  and  placed  in  a  large  beaker  together 
with  the  filter.  It  is  treated  with  fuming  nitric  acid  until 
completely  dissolved,  and  the  arsenic  is  determined  as  magne- 
sium p3Toarsenate  as  described  on  p.  165. 

Remark. — Instead  of  oxidizing  the  arsenious  sulphide  with 
nitric  acid,  an  ammoniacal  solution  of  pure  hydrogen  peroxide 
may  be  used  (cf.  p.  184,  foot-note). 

For  the  determination  of  antimony,  the  contents  of  the  flask  K 
are  diluted  considerably  with  water  and  the  antimony  precipi- 
tated by  means  of  hydrogen  sulphide  (see  p.  168). 

Remark. — ^This  method  yields  satisfactory  results  if  the  above 
directions  are  carefully  followed.  G.  Senn  found  in  two  experi- 
ments, using  0.1235  gm.  arsenic  and  0.1820  gm.  antimony,  0.1230 
and  0.1232  gm.  arsenic,  corresponding  to  99.67  per  cent,  of 
the  total  arsenic,  and  0.1813  and  0.1809  gm.  antimony,  the  mean 
representing  99.5  per  cent,  of  the  antimony.  If  the  distillation  is 
carried  further  than  above  directed,  small  amoimts  of  antimony 
chloride  will  be  carried  over. 

Separation  of  Antimony  from  Tin. 

(a)  F.  W.  Clcrke's  *  Method,  as  m^xlified  by  F.  Hem.^ 

Of  all  the  present  known  methods  for  the  separation  of  anti- 
mony from  tin  this  is  probably  the  most  accurate.  It  depends 
upon  the  fact  that  antimony  is  completely  precipitated  from  a 
solution  containing  oxalic  acid,  while  stannic  salts  are  not.  Stan- 
nous sulphide,  however,  is  decomposed  by  oxalic  acid,  forming  an 

*  Chem.  News,  Vol.  21,  p.  124.  Cf.  also  ROssing,  Zeitschr.  fiir  anaL  Chem., 
XLI,  1. 

t  Inaugural-Dissertation,  Zurich,  1903. 
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insoluble  crystalline  stannous  oxalate,  so  that  the  tin  must  be  in 
the  stannic  form. 

According  to  the  original  method  it  was  necessary  to  repeat 
the  precipitation  of  the  antimony,  but  Henz  has  shown  that  an 
even  better  separation  can  be  accomplished  by  a  single  precipi- 
tation if  certain  precautions  are  taken. 

Procedure. — In  the  majority  of  cases  it  is  a  question  of  sepa- 
rating antimony  from  tin  after  these  metals  have  been  separated 
from  the  members  of  the  copper  group  by  means  of  alkaline  poly- 
sulphide;  i.e.,  the  tin  and  the  antimony  are  in  the  form  of  their 
soluble  sulpho-salts.  Henz  prefers  the  use  of  po&ssium  poly- 
sulphide  for  this  separation. 

The  solution  of  the  sulpho-salts,  containing  not  more  than 
0.3  gm.  of  the  two  metals,  is  placed  in  a  500-c.c.  Jena  beaker  and 
treated  with  a  solution  of  6  gms.  of  the  purest  caustic  potash 
(one-third  the  sum  of  the  weights  of  tartaric  and  oxalic  acids  to 
be  added)  and  3  gms.  of  tartaric  acid  (ten  times  the  maximum 
weight  of  the  two  metals).  To  this  mixture  twice  as  much  30  per 
cent,  hydrogen  peroxide  is  added  as  is  necessary  to  completely  de- 
colorize the  solution,  and  the  latter  is  now  heated  to  boiling  and 
Icept  there  until  the  evolution  of  oxygen  is  over,  in  order  to  oxi- 
dize the  thiosulphate  formed.  All  of  the  excess  of  peroxide  can- 
not be  removed  successfully  at  this  point.  The  solution  is  cooled 
somewhat,  the  beaker  covered  with  a  watch-glass,  and  a  hot  solu- 
tion of  15  gms.  pure  recrystallized  oxalic  acid  is  cautiously  added 
(5  gms.  for  1  gm.  of  the  mixed  metals).  This  causes  the  evolu- 
tion of  considerable  carbon  dioxide.  Now,  in  order  to  completely 
remove  the  excess  of  hydrogen  peroxide  the  solution  is  boiled 
vigorously  for  ten  minutes.  The  volume  of  the  liquid  should 
amount  to  from  80  to  100  c.c.  After  this  a  rapid  stream  of  hy- 
drogen sulphide  is  conducted  into  the  boiling  solution,  and  for 
some  time  there  will  be  no  precipitation,  but  only  a  white  tur- 
bidity formed.  At  the  end  of  five  or  ten  minutes  the  solution 
becomes  orange  colored  and  the  antimony  begins  to  precipitate, 
and  from  this  point  the  time  is  taken.  At  the  end  of  fifteen 
minutes  the  solution  is  diluted  with  hot  water  to  a  volume  of 
250  c.c,  at  the  end  of  another  fifteen  minutes  the  flame  is  removed, 
and  ten  minutes  later  the  current  of  hydrogen  sulphide  is  stopped. 
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The  precipitated  antimony  pentasulphide  is  filtered  off  through 
a  Gooch  crucible  which,  before  weighing  and  after  drying,  has 
been  heated  in  a  stream  of  carbon  dioxide  at  300^  C.  for  at 
least  one  hour.  The  precipitate  is  washed  twice  by  decantation 
with  1  per  cent,  oxalic  acid  and  twice  with  very  dilute  acetic 
acid  before  bringing  it  in  the  crucible.  Both  of  these  wash 
liquids  should  be  boiling  hot  and  saturated  with  hydrogen 
sulphide. 

The  crucible  is  heated  in  a  current  of  carbon  dioxide  (free  from 
air)  to  constant  weight  and  its  contents  weighed  as  SbjS,. 

The  filtrate  is  evaporated  to  a  volume  of  about  225  c.c,  trans- 
ferred to  an  unpolished  platinum  dish,  and  electrolyzed  at  60°  to 
80®  C.  with  a  current  of  0.2  to  0.3  ampere  (corresponding  to  2  to  3 
volts).  For  very  small  amounts  of  tin,  a  current  of  not  over  0.2 
ampere  should  be  used.  At  the  end  of  six  hours  8  c.c.  of  sulphuric 
acid  (1:1)  are  added,  and  at  the  end  of  twenty-four  hours  the 
solution  is  transferred  to  another  dish.  The  deposited  tin  has  a 
beautiful  appearance,  similar  to  silver. 

(6)  Method  of  H,  Rose. 

Principle, — ^This  method  is  based  upon  the  insolubility  of 
sodium  metantimonate  and  the  solubility  of  sodium  stannate 
in  dilute  alcohol. 

Procedure. — Both  metals  are  assumed  to  be  present  in  the  form 
of  an  alloy.  The  alloy  is  treated  with  nitric  acid,  whereby  the 
antimony  and  tin  are  left  in  the  form  of  their  oxides  (cf .  p.  192, 
Analysis  of  Bearing  Metal).  The  residue  is  filtered  oflf,  washed  with 
ammonium  nitrate  water,  dried,  as  much  as  possible  transferred 
to  a  large  silver  crucible  and  the  ash  of  the  filter  added,  after 
which  the  precipitate  is  gently  ignited.  From  ten  to  twelve 
times  as  much  solid  sodium  hydroxide  and  a  little  sodium  nitrate, 
or  better,  sodium  peroxide,  is  added  and  the  silver  crucible 
is  placed  within  a  larger  porcelain  one  in  order  to  protect  it  from 
the  flame  when  the  contents  are  fused  and  kept  Uquid  for  twenty 
minutes.  After  cooling,  the  crucible  is  placed  in  a  large  porce- 
lain dish  and  its  contents  treated  with  hot  water  until  the  melt 
has  disintegrated,  leaving  the  insoluble  part  in  the  form  of  a  fine 
meal.    One-third  of  the  solution's  volume  of  alcohol  (sp.  gr.  0.833) 
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is  now  added,  the  mixture  is  well  stirred  and  filtered  after  stand- 
ing twelve  hours.  The  residue  remaining  on  the  sides  of  the  dish 
is  washed  oflf  with  dilute  alcohol  (1  vol.  alcohol +2  vols,  water). 
The  sodium  metantimonate  is  washed  first  with  a  mixture  of 
1  vol.  alcohol  -f  2  vols,  water,  then  with  1  vol.  alcohol  -f  1  vol. 
water,  and  finally  with  3  vols,  alcohol -fl  vol.  water,  until  the 
filtrate  when  acidified  with  hydrochloric  acid  and  tested  with 
hydrogen  sulphide  no  longer  gives  a  yellow  coloration  (tin 
sulphide). 

If  considerable  tin  and  little  antimony  were  originally  present^ 
a  single  fusion  of  the  oxides  with  caustic  soda  does  not  afford  a 
complete  separation,  as  the  residue  of  sodium  pyroantimonate 
alwa3rs  contains  some  tin.  It  is,  therefore,  dried,  separated  from 
the  filter  and  placed  in  a  silver  crucible.  The  filter  is  treated 
repeatedly  in  a  porcelain  crucible  with  fuming  nitric  acid  until 
the  paper  is  completely  destroyed  and  the  excess  of  acid  is  then 
removed  by  heating  in  an  air-bath.  The  contents  of  the  porce- 
lain crucible  are  subsequently  dissolved  in  a  little  caustic  soda 
solution  and  washed  into  the  silver  crucible;  the  water  is  then 
removed  by  heating  the  silver  crucible  at  first  on  the  water- 
bath  and  finally  in  an  air-bath.  Ten  grams  of  solid  caustic  soda 
are  now  added,  the  mixture  fused,  and  the  melt  treated  in  the 
same  way  as  before. 

The  second  residue  of  sodium  metantimonate  is  free  from 
tin.  It  is  dissolved  from  oflF  the  filter  by  a  mixture  of  hydro- 
chloric and  tartaric  acids,*  in  which  it  is  readily  soluble.  From 
this  solution  the  antimony  is  precipitated  by  hydrogen  sulphide 
and  determined  as  described  on  p.  168.  For  the  tin  determina- 
tion, the  alcoholic  filtrate  is  gently  heated  to  remove  the  alcohol, 
acidified  slightly  with  hydrochloric  acid,  and  the  tin  precipitated 
as  sulphide  by  hydrogen  sulphide  and  determined  according  to 
p.  175,  p. 

Remark. — If  the  oxide  residue  which  was  first  fused  with 
sodium  hydroxide  and  nitre  consisted  solely  of  tin  and  antimony 
oxides,  this  method  gives  very  good  results.  As  a  rule,  however, 
most  antimony  and  tin  alloys  contain  lead  and  other  metals  whose 

*  A  mixture  consisting  of  equal  volumes  dilute  hydrochloric  acid  (1 : 4) 
and  6-10  per  cent  tartaric  acid  is  used. 
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oxides  remain  to  a  small  extent  with  the  tin  and  antimony  on 
treatment  of  the  alloy  with  nitric  acid,  so  that  the  sodium  metan- 
timonate  is  subsequently  rendered  impure  by  the  presence  of  these 
metals.  The  antimony  determination  therefore  gives  too  high  re- 
sults.   In  this  case  the  method  of  W.  Hampe  *  should  be  used. 

The  alloy  is  dissolved  in  aqua  regia  (as  described  below  in 
the  analysis  of  bearing  metal)  and  the  tin  and  antimony  sepa- 
rated from  the  remaining  metals  by  means  of  colorless  sodivun 
sulphide.  From  the  solution  of  the  sulpho-salts  the  tin  and  anti- 
mony are  precipitated  by  making  barely  acid  with  dilute  sulphuric 
acid;  the  precipitate  is  washed  and  dissolved  in  a  little  warm 
sodium  sulphide.  After  cooling,  sodium  peroxide  is  added  to 
the  concentrated  solution  in  small  amounts  until  the  liquid 
becomes  colorless,  and  when  treated  with  more  sodiimi  peroxide 
a  distinct  evolution  of  oxygen  takes  place.  By  this  treatment 
sodium  antimonate  is  formed;  this  separates  out  to  some  extent, 
while  the  tin  remains  in  solution.  In  order  to  completely  pre- 
cipitate the  antimony  from  the  solution,  one-third  as  much  alcohol 
<sp.  gr.  0.833)  is  added,  after  which  the  precipitate  is  filtered  oflF 
and  treated  as  above  described. 

Analysis  of  Bearing  Metal.     Method  of  Rdssing.f 

This  alloy  contains  tin,  antimony,  lead,  copper  (zinc).  About 
2  gms.  of  the  borings  (or  tiu*nings)  are  dissolved  in  an  Erlenmeyer 
flask  in  as  little  aqua  regia  as  possible,  a  little  potassium  chlorate 
is  added  and  the  contents  of  the  flask  heated.  After  the  addi- 
tion of  a  little  tartaric  acid,  the  solution  is  diluted  with  water, 
made  slightly  alkaline  with  sodiimi  hydroxide,  and  treated  with 
ammonium  sulphide,  using  as  slight  an  excess  as  possible. 
The  liquid  is  heated  on  the  water-bath  and  frequently  shaken. 
The  precipitate  is  then  allowed  to  settle,  the  solution  is  decanted 
through  a  filter,  and  the  residue  washed  with  hot  water  contain- 
ing a  very  little  sodium  sulphide. 

The  filtrate  contains  all  of  the  tin  and  antimony,  the  pre- 
•cipitate  all  the  lead  and  copper. 

*  Chem.  Ztg..  18,  p.  1900. 

t  Zeit.  f.  anal.  Chem.  (1902),  41,  p.  1. 
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Determination  of  Antimony  and  Tin. — ^The  filtrate  is  diluted 
to  the  volume  of  1  liter,  thoroughly  mixed,  and  200  c.c.  (  =  .4  gm. 
of  the  alloy)  are  taken  for  the  determination  of  tin  and  antimony, 
according  to  Clarke's  method  (see  p.  188). 

Determination  of  Copper  and  Lead. — ^The  precipitate  contain- 
ing the  sulphides  of  these  metals  is  dissolved  in  nitric  acid,  a  little 
sulphuric  acid  is  added,  and  the  solution  is  evaporated  imtil  fumes 
of  sulphuric  acid  are  evolved,  when  water  and  alcohol  are  added 
and  the  lead  determined  as  lead  sulphate,  according  to  p.  138. 
In  the  filtrate  from  the  lead  sulphate  the  copper  b  precipi- 
tated at  the  boiling  temperature  as  copper  sulphide  and  deter- 
mined as  cuprous  sulphide  according  to  p.  145.  If  iron  and  zinc 
were  present  in  the  alloy,  they  will  be  found  in  the  filtrate  from 
the  copper  sulphide  and  can  be  determined  as  described  under 
the  Analysis  of  Bronzes  (p.  178). 

Separation  of  Arsenic  from  Tin. 

(a)  Method  of  Fred.  Neher.* 

The  moist  sulphides  are  dissolved  in  freshly-prepared  ammo- 
nium sulphide,  evaporated  in  an  Erlenmeyer  flask  nearly  to  dry- 
ness and  oxidized  with  hydrochloric  acid  and  potassium  chlorate. 
From  this  solution  the  arsenic  is  precipitated  as  sulphide  under  the 
conditions  described  on  p.  184.  In  the  filtrate  from  the  arsenic 
pentasulphide  all  of  the  tin  is  found  and  can  be  precipitated  as  sul- 
phide after  diluting  largely  with  water  and  passing  in  hydrogen  sul- 
phide.   It  is  finally  changed  to  the  oxide  as  described  on  p.  175,  Ji. 

(6)  Method  of  W.  Hampe.^ 

The  precipitated  sulphides  are  dissolved  as  soon  as  possible  in 
freshly-prepared  ammonium  sulphide,  the  solution  is  evaporated 
almost  to  dryness  and  oxidized  with  hydrochloric  acid  and  potassium 
chlorate  in  a  flask  connected  with  a  return-flow  condenscr.J  Tar- 
taric acid  and  ammonia  are  then  added  and  the  arsenic  precipi- 
tated with  magnesia  mixture  as  magnesium  ammonium  arsenate,  as 


*  Zeit.  f.  anal.  Chem.  (1893),  32,  p.  45. 

t  Chem.  Ztg.  (1894),  18,  p.  1900. 

X  So  that  no  arsenic  trichloride  will  be  lost  by  volatilization. 
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described  on  p.  165.  After  standing  twelve  hours,  the  precipitate 
is  filtered  off,  washed  with  2\  per  cent,  ammonia,  and,  in  order 
to  remove  a  little  magnesia,  the  precipitate  is  dissolved  in  hydro- 
chloric acid  and  reprecipitated  by  the  addition  of  ammonia.  After 
standing  another  twelve  hours,  the  precipitate  is  filtered  off  and 
again  washed  with  2^  per  cent,  ammonia. 

This  precipitate  can  be  converted  into  magnesium  pyroar- 
senate  and  weighed  in  this  form  as  described  on  p.  165.  This 
transformation  is  somewhat  tiresome,  however,  so  that  Hampe 
prefers  to  dissolve  the  precipitate  in  hydrochloric  acid  once  more, 
to  precipitate  the  arsenic  by  means  of  hydrogen  sulphide,  and 
then  to  determine  the  magnesium  in  the  evaporated  filtrate  as 
magnesium  pyrophosphate  according  to  p.  62  or  p.  64.  From 
the  weight  of  the  latter  the  amount  of  arsenic  can  be  computed 
as  follows: 

Mg3Pj07:2As«p:« 
2As 

or 

x = 0.6735 -pgm.  arsenic. 

Separation  of  Antimony  from  Arsenic  and  Tin. 

(a)  Method  of  Rose, 

If  the  metals  are  present  in  solution,  they  are  precipitated  as 
sulphides  with  hydrogen  sulphide,  heated  with  fuming  nitric  acid 
in  a  Jarge  covered  beaker  until  the  sulphur  is  completely  oxidized, 
washed  into  a  porcelain  dish,  and  the  excess  of  acid  removed  by 
evaporation  on  the  water-bath.  The  almost-dry  residue  is  treated 
with  concentrated  sodium  hydroxide  solution  and  the  contents 
of  the  dish  are  transferred  to  a  silver  crucible,  after  which  a  little 
solid  sodium  hydroxide  is  added  and  the  contents  of  the  crucible 
dried  in  an  air-bath.  It  is  then  fused  *  and  kept  liquid  for  about 
twenty  minutes  by  heating  over  a  Teclu  burner.  After  cooling, 
the  melt  is  disintegrated  with  water,  one-third  as  much  alcohol 
(sp.  gr.  0.833)  is  added  in  order  to  completely  precipitate  the 
sodium    metantimonate,   and   after  standing   twelve   hours   the 

*  The  silver  crucible  is  placed  in  a  larger  porcelain  one  so  as  to  avoid 
contact  with  the  flame. 
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precipitate  is  filtered  and  subjected  to  the  treatment  described  on 
p.  191.  The  filtrate  containing  all  the  arsenic  and  tin  is  acidified 
with  hydrochloric  acid,  whereby  stannic  arsenate  is  precipitated. 
Without  filtering,  hydrogen  sulphide  is  conducted  into  the  liquid, 
the  precipitated  sulphides  of  tin  and  arsenic  are  filtered  off,  oxi- 
dized with  hydrochloric  acid  and  potassium  chlorate,  and  the 
arsenic  separated  from  the  tin  as  described  on  p.  193,  a, 

(6)  Method  of  Hampe. 

The  moist  sulphides  are  oxidized  as  described  on  p.  193,  fc,  and 
the  arsenic  determined  in  the  same  way. 

In  the  combined  filtrates  from  the  magnesium  ammonium 
arsenate  the  antimony  and  tin  are  precipitated  by  hydrogen 
sulphide,  after  making  the  solution  acid.  These  are  separated 
either  according  to  the  method  of  Clarke  (p.  188)  or  that  of  Rose 
(p.  190). 

SUPPLEMENT  TO  THE  HYDROGEN  SULPHIDE  GROUP. 

GOLD,    PLATINUM,  SELENIUM,  TELLURIUM,    VANADIUM, 

MOLYBDENUM,  TUNGSTEN. 

Gold,  Au.    At.  Wt.  197.2. 

Gold  is  always  determined  as  the  metal  itself.  We  have  three 
cases  te  distinguish: 

1.  The  gold  is  present  in  solution. 

2.  The  gold  is  alloyed  with  copper  and  silver. 

3.  The  gold  is  present  in  an  ore. 

I.  Gold  is  Present  in  Solution. 

In  almost  all  cases  gold  is  deposited  as  metallic  gold  from 
its  solutions  and  weighed  after  filtering  and  washing. 

For  the  deposition  of  gold  the  following  reducing  agents  are 
to  be  considered:  ferrous  sulphate,  oxalic  acid,  formaldehyde, 
and  hydrogen  peroxide.  If  the  gold  is  to  be  precipitated  by  means 
of  either  ferrous  sulphaie  or  oxalic  add,  there  must  be  no  free 
nitric  acid  present  in  the  solution.  If  some  is  present,  it  must 
be  removed  by  repeated  evaporation  with  concentrated  hydro- 
chloric acid  and  the  solution  then  diluted  with  water.      To  this 
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dilute  solution  a  large  excess  of  clear  ferrous  sulphate  solution 
is  added,  the  beaker  is  covered  and  its  contents  are  heated  for 
several  hours  on  the  water-bath.  The  precipitate  is  then  filtered 
off,  washed  first  with  water  containing  hydrochloric  acid  until  the 
iron  is  completely  removed,  and  then  with  pure  water.  The  pre- 
cipitate is  dried,  transferred  as  completely  as  possible  to  a  porce- 
lain crucible,  the  ash  of  the  filter  added,  and  the  gold  is 
ignited  and  weighed.  In  this  way  gold  can  be  separated  from 
almost  all  metals,  even  platinum,  but  not  from  silver.  If  silver 
is  present,  which  is  of  course  never  the  case  in  a  dilute  hydrochloric 
acid  solution,  it  is  first  removed  by  the  addition  of  hydrochloric 
acid,  the  precipitated  silver  chloride  filtered  off,  and  the  filtrate 
treated  as  above  described. 

For  the  precipitation  of  gold  by  means  of  oxalic  acid,  the 
slightly  acid  solution  is  diluted  with  water,  oxalic  acid  or  ammo- 
nium oxalate  is  added  with  a  little  sulphuric  acid,  and  the  covered 
beaker  is  allowed  to  stand  forty-eight  hours  in  a  warm  place. 

The  yellow  scales  of  the  deposited  gold  are  filtered  off  and 
washed,  as  above  described,  with  hydrochloric  acid  and  then  with 
water.     It  is  then  ignited  and  weighed. 

Deposiiion  of  Gold  by  Means  of  Hydrogen  Peroxide  (L.  Vanino  and 

L,  Seeman)* 

If  a  gold  solution  is  treated  with  potassium  or  sodium  hy- 
droxide solution  and  then  with  formaldehyde,  or,  better  still, 
hydrogen  peroxide,  the  gold  is  soon  precipitated  quantitatively, 
even  in  the  cold.  By  boiling,  the  finely-divided  gold  collects 
together  and  assumes  a  reddish-brown  color.  The  reaction  takes 
place  according  to  the  following  equation: 

2  AuOa  -f  3H3O2  +  6K0H  =  6KC1  +  6H,0  +  30, + Auj. 

If  the  gold  is  deposited  by  this  method  from  very  dilute  solu- 
tions it  is  obtained  in  such  a  finely-divided  condition  that  it 
passes  through  the  filter.  If,  however,  the  solution  is  boiled 
until  the  excess  of  hydrogen  peroxide  is  completely  destroyed, 
and  it  is  then  acidified  with  hydrochloric  acid,  the  gold  can 
be  readily  filtered.  Gold  can  be  separated  from  platinum  by 
this  method. 

*  Berichte  (1899).  82,  p.  1968. 
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2.  The  Gold  is  Alloyed  with  Copper  and  Silver. 

When  gold  is  present  in  alloys  it  is  most  rapidly  and  most 
acciu-ately  determined  in  the  dry  way.  The  principle  of  the 
method  is  very  simple. 

If  a  gold-silver  alloy  is  melted  in  the  air  with  lead  upon  a 
** cupel"  (a  very  porous  vessel  made  of  bone-ash)  the  lead  and 
copper  are  oxidized,  the  oxides  fuse  and  are  absorbed  by  the 
cupel,  while  all  the  gold  and  silver  are  left  behind  in  the  form  of 
a  metallic  button,  whose  weight  is  obtained.  The  silver  is  after- 
wards separated  from  the  gold  by  the  action  of  nitric  acid  which 
dissolves  the  silver  but  leaves  the  gold  behind.  If  the  weight 
of  the  gold  that  is  left  undissolved  is  deducted  from  the  weight 
of  the  gold-silver  button  the  weight  of  the  silver  is  obtained. 

In  order  to  obtain  accurate  results  a  niunber  of  precautions 
must  be  taken.  By  the  cupellation  of  the  alloy  some  noble 
metal  is  always  lost  and  the  amount  lost  increases  in  proportion 
to  the  amount  of  lead  used  and  the  higher  the  temperature. 
Furthermore,  small  amounts  of  the  noble  metal  are  absorbed  by 
the  cupel  and  this  amount  is  greater  the  smaller  the  amount  of 
lead  used.  This  second  loss  amounts  to  much  less  than  the  former 
one  occasioned  by  the  use  of  too  much  lead.  Consequently ,  in 
every,  gold  cupeUaiion  an  unnecessary  excess  of  lead  must  he 
avoided. 

Experience  has  shown  that  the  richer  a  gold-silver  alloy  is 
in  base  metal  the  more .  lead  is  necessary  for  the  cupellation. 
Furthermore,  in  the  separation  of  gold  from  silver  by  means  of 
nitric  acid  it  is  necessary  to  remember  that  the  separation  is  only 
quantitative  when  the  alloy  consists  of  three  or  more  parts  of 
silver  to  one  part  of  gold.  If  less  than  three  parts  of  silver  are 
originally  present  for  one  part  of  gold,  it  is  necessary  to  add  pure 
silver  until  this  proportion  is  reached.  This  operation  is  knoA\Ti 
as  quartation  or  inquartaiion.  The  separation  of  the  silver  from 
the  gold  by  means  of  nitric  acid  is  spoken  of  as  parting.  If  a 
gold-silver  alloy,  in  the  form  of  foil,  which  consists  of  three  parts 
of  silver  to  one  of  gold,  is  treated  with  nitric  acid,  the  latter  metal 
remains  behind  as  a  brownish  scale;  if  more  silver  is  present, 
it  is  left  as  a  fine  powder,  unless  the  acid  is  made  extremely  dilute. 
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From  what  has  been  said,  it  is  clear  that  accurate  results  can 
be  obtuned  only  when  the  correct  amount  pf  lead  is  present  in 
the  alloy  that  is  cupelled,  and  when  the  gold  and  silver  are  present 
ifi  the  proper  proportion;  i.e.,  it  is  necessary  to  know  the  approxi- 


Fio.  38. 
mate  composition  of  the  alloy  before  an  accurate  determinatioD 
can  be  made.    This  b  determined  by 

The  Preliminary  Assay. 

For  this  purpose  the  muffle  shown  in  Fig.  38  is  heated  to  a 
cherry-red  heat,  a  cupel  weighing  from  6  to  7  gms.*  is  placed  in 
the  back  part  of  it,  the  muffle  door  is  closed,  and  the  cupel  heated 
until  it  has  acquired  the  same  color  as  the  muffle.  After  this 
5  gms,  of  lead  are  placed  upon  the  cupel,  the  muffle  is  closed  until 

*  A  good  cupel  will  absorb  its  own  weight  of  Utharge.  During  the  impel- 
lation  about  one-tenth  of  the  litharge  formpd 
is  lost  by  voiatiliiation,  so  that  the  weifiht  of 
litharge  absorbed  by  the  cupel  is  pmctirally 
that  of  the  original  Inadbufton.  Fig.  39  repre- 
KnU  a  cupel,  together  with  its  cniHs-section,  Fta.  39. 
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the  lead  is  melted  and  then  0.25  gm.  of  the  accurately-weighed 
Alloy  is  enveloped  in  a  small  piece  of  lead-foil,  placed  in  the 
molten  lead  (with  the  help  of  a  pair  of  tongs),  and  the  muffle  closed 
until  the  alloy  has  melted  and  shows  a  bright  upper  surface.  With 
the  help  of  an  iron  hook  the  cupel  is  now  carefully  advanced  to 
about  the  middle  of  the  muffle  and  the  door  should  be  left  open 
so  that  there  is  a  ready  access  of  air  into  the  muffle. 

After  about  twenty  minutes  the  lead  will  be  all  absorbed, 
which  is  shown  by  the  "blick."  *  The  hot  cupel  is  then  removed 
from  the  muffle  and  after  cooling,  the  color  of  the  button  is  ob- 
.served. 

(a)  //  the  button  is  greenish  yellow  or  darker,  it  contains  less 
than  three  parts  of  silver  to  one  part  of  gold,  in  which  case  from 
four  to  six  parts  of  "fine  silver"  are  added  (the  proper  amount 
can  be  usually  told  by  the  practised  eye)  and  the  button  is  cupelled 
in  a  new  cupel  with  1  gm.  of  lead.  The  button  now  obtained  is 
treated  with  nitric  acid  and  the  residual  gold  weighed. 

(b)  If  the  btUion  is  pure  white,  then  three  or  more  parts  of 
silver  are  present  to  one  part  of  gold.  In  this  case  it  is  imme- 
diately "parted"  and  the  residual  gold  weighed. 

After  the  approximate  amount  of  gold  present  has  been  ascer- 
tained,t  the  analysis  proper  is  made,  using  the  amount  of  lead  as 
indicated  in  the  following  table: 

LEAD  TABLE. 

Amount  of  Gold  Amount  of  Lead  Necessary  for  the 

Present  in  the  Alloy.  Cupellation  of  0.25  gm.  of  Alloy. 

1000  thousandths 0.25  gm. 

900  "  2.50  gms. 

800  "  4.00 

700  "  5.50 

600  "  6.00 

500  "  6.50 

400  or  less  "  8.50 

*  The  blick  is  the  brightening  of  the  metal  which  appears  when  the  outer 
layer  of  lead  oxide  that  is  constantly  becoming  thinner  finally  bursts  and  the 
bright  noble  metal  shines  through.  Just  before  the  blick  there  is  a  distinct 
iridescence,  so  that  the  point  can  never  be  mistaken. 

t  In  assay  laboratories  the  approximate  gold  contents  of  the  alloy  is  deter- 
mined by  its  streak.  A  fine-grained  piece  of  silicate  is  blackened  with  char- 
•ooal.     The  alloy  to  be  tested  is  rubbed  upon  it  and  the  color  produced  com,* 
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The  Final  Assay. 

For  the  definite  determination  of  the  gold  and  silver,  two 
portions  weighing  exactly  0.25  gm.  are  taken;  the  one  to  serve 
for  the  silver  determination  and  the  other  for  the  gold.  The 
former  is  cupelled  with  the  correct  amoimt  of  lead  and  the  weight 
of  the  gold-silver  button  is  determined. 

If  the  original  alloy  was  very  white,  it  contains  more  than 
500  thousandths  fine  of  silver. 

If  the  alloy  was  greenish  yellow,  it  contains  550-750  thou- 
sandths of  noble  metal,  and  silver  is  present  to  a  considerable 
extent. 

If,  however,  the  alloy  was  a  beautiful  yellow  or  reddish  yellow^ 
it  contains  more  than  700  thousandths  of  noble  metal  and  the 
gold  predominates. 

If,  therefore,  the  alloy  was  white,  once  again  as  much  pure  silver 
is  weighed  out  as  the  amount  of  gold  found  to  be  present  by  the 
preliminary  assay  (inquartated  with  one  part  of  silver),  and  this 
mixture  is  cupelled  with  the  same  amount  of  lead  as  the  first  portion. 

If  the  original  alloy  was  greenish  yellow,  it  is  inquartated  * 
with  two  parts  of  silver;  if  it  was  distinctly  yellow  or  reddish 
yellow  it  is  inquartated  with  2^  parts  of  silver. 

Treatment  of  the  Quartered  GoldSUver  Button. 

The  gold-silver  button  is  removed  from  the  cupel  with  the 
"button  tongs,"  cleaned  with  a  stiff  brush  ("button  brush"), 
and  hammered  upon  an  anvil  to  a  round  disk  about  1  mm.  thick 
(Fig.  40,  a).  This  is  heated  upon  a  fresh  cupel  and  quickly  cooled 
by  placing  it  upon  a  piece  of  brass  foil  and  rolling  it  between  two 
steel  rollers  to  a  long  strip  (Fig.  40,  b) ;  it  is  again  heated  and 
rolled  t  up  as  shown  in  Fig.  40,  c.     This  little  roll  is  placed  in  a 

pared  with  that  obtained  from  alloys  containing  known  amounts  of  gold. 
Afterwards  these  streaks  are  tested  with  dilute  aqua  regia;  alloys  containing 
the  same  amounts  of  gold  are  attacked  equally  readily. 

*  Cf.  p.  197. 

t  By  hammering  the  gold-silver  alloy,  the  metal  becomes  so  brittle  that 
it  cannot  be  convorted  to  a  smooth-margined  roll,  and  on  the  subsequent 
treatment  with  nitric  acid,  little  pieces  would  probably  drop  off.  By  again 
heating  the  metal  and  then  quickly  cooling,  it  regains  its  original  softness. 
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little  flask  (Fig.  41,  /),  covered  with  30-40  c.c.  of  nitric  acid  (sp. 
gr.  1.188)  free  from  chloride,  heated  to  boiling  and  kept  so  for 
ten  minutes.    The  acid  is  then  poured  off  and  replaced  by  the 


• 


^ 


Fig.  40.  Fio.  41. 


same  amount  of  stronger  acid  (sp.  gr.  1.295)  and  the  above  treat- 
ment repeated.  After  this  acid  is  poured  off,  the  button  is 
washed  by  decanting  three  times  with  distilled  water.  The  flask 
is  filled  with  water,  covered  with  an  annealing  cup  (or  lack- 
ing this  an  ordinary  porcelain  crucible  may  be  used),  and  is 
then  quickly  inverted  (Fig.  41,  //),  when  the  gold  will  pass 
into  the  cup.  The  flask  is  removed  by  first  raising  its  mouth 
to  the  level  of  the  water  in  the  crucible  and  then  sliding  it 
off  at  right  angles.  The  water  is  poured  off  from  the  gold  and 
the  crucible  is  placed  in  the  back  part  of  the  muffle  for  a 
short  time,  whereby  the  gold  is  dried  and  is  changed  from  its 
former  brown  and  soft  condition  into  a  harder,  beautiful  yellow 
substance.  After  cooling,  it  is  weighed.  By  subtracting  the 
weight  of  the  gold  from  the  weight  of  the  gold  and  silver  together, 
the  amount  of  silver  is  obtained. 

Determination  of  Gold  in  Ores. 

Principle. — ^The  very  finely  ground  and  sifted  ore  is  mixed  in 
a  No.  9  French  crucible  with  lead  oxide,  charcoal,  and  some  suit- 
able slag-forming  material.  The  charcoal  reduces  a  part  of  the 
lead  oxide  to  metal  which  alloys  with  the  noble  metal  and 
sinks  to  the  bottom  in  the  form  of  a  button,  while  the  foreign  sub- 
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stances  should  pass  into  the  slag.  After  cooling,  the  crucible  is 
broken,  the  slag  is  hammered  off,  the  lead  button  cupelled  and 
the  silver-gold  button  parted  in  the  same  way  as  before.  The 
noble  metal  should  be  extracted  with  as  little  lead  as  possible, 
for  with  an  unnecessarily  large  amount  of  lead  some  gold  is  lost 
during  the  cupellation. 

The  amount  of  lead  reduced  from  the  litharge  depends  largely 
upon  the  nature  of  the  ore.  Sulphide  ores  act  strongly  reducing, 
as  is  shown  by  the  following  equations: 

PbS-l-2PbO«SO,+3Pb, 

FeS, + 5PbO  =  2S0,  -h  FeO + 5Pb. 

In  such  cases  less  charcoal  (or  in  some  cases  none  at  all)  should 
be  added  than  would  be  otherwise  necessary  to  produce  the  right 
amount  of  lead,  or  in  case  considerable  sulphide  is  present,  it  is 
sometimes  necessary  to  neutralize  its  action  by  the  addition  of 
oxidizing  agents. 

Reducing  ores  are  recognized  by  their  color:  they  are  gray, 
bluish-black,  or  yellow  (pyrite,  etc.).  Reddish-brown  ores  (FcjO,) 
usually  act  oxidizing: 

FejOa-|-C=CO+2FeO, 

in  which  case  more  charcoal  must  be  added  to  the  charge. 

The  best  results  arc  obtained  when  the  lead  button  weighs 
about  18  gms.  when  obtained  from  30  gms.  of  ore.*  In  order 
that  such  a  button  may  be  obtained,  it  is  usually  necessary  to 
make  a  preliminary  assay  of  the  ore.  But  above  all,  it  is  neces- 
sary that  the  purity  of  the  reagents  used  should  be  tested. 

Testing  the  Reagents. 

The  ordinary  reagents  necessary  for  a  gold  assay  are: 

I.  Litharge  (PbO). 

Litharge,  the  most  important  reagent,  is  a  basic  flux,  for  it 
forms  with  the  silicic  acid  of  the  ore  a  readily  fusible  silicate; 

♦  This  amount  is  usually  sufficient;  with  very  rich  gold  ores  10-15  gms. 
is.  enough,  while  with  very  poor  ores  as  much  as  120  gms.  may  be  used  to 
advantage.     Cf.  Ricketts  and  Miller,  Notes  on  Assaying,  New  Vork,  1897. 
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at  the  same  time,  however,  it  is  a  desulphurizing  agent,  as  is  shown 
by  the  above  reaction. 

The  litharge  used  must  be  dry  and  free  from  miniiun,  for 
the  latter  oxidizes  silver,  carrying  it  into  the  slag,  so  that  low 
results  would  be  obtained  in  the  silver  determination.  The 
litharge  should  be  free  from  silver  (which  is  almost  never  the  case), 
or  its  silver  contents  must  be  known;  this  is  determined  once  for 
all  by  the  following  experiment: 

Litharge 120  gms. 

Sodium  bicarbonate  (NaHCO.) 60    " 

Argols  (crude  KHC,H,Oe) 2    " 

are  mixed  thoroughly  upon  a  sheet  of  glazed  paper  and  the  mix- 
ture placed  in  a  No.  9  French  crucible  and  covered  with  a  layer 
of  finely-powdered,  dry  common  salt.  The  covered  crucible  is 
placed  in  a  glowing  coke-oven. 

As  soon  as  the  contents  of  the  crucible  have  reached  the  state 
of  quiet  fusion,  the  crucible  is  removed  from  the  fire,  its  walls  are 
gently  tapped  by  the  tongs,  and  it  is  lightly  tapped  upon  its 
bottom  in  order  to  knock  down  any  small  particles  of  lead  adher- 
ing to  the  sides  and  to  make  all  of  the  free  metal  collect  together 
on  the  bottom  in  the  form  of  a  button. 

After  cooling  the  crucible  is  broken,  the  slag  removed  from 
the  lead  button  by  hammering  it  upon  an  anvil,  and  it  is  cupelled 
upon  a  cupel  weighing  only  a  few  grams  more  than  the  button 
itself.  The  resulting  silver  button  is  weighed.  The  amount  of 
silver  obtained  must  be  deducted  whenever  the  corresponding 
amount  of  litharge  is  used  in  an  assay. 

2.  Soditun  Bicarbonate  (NaHCO,). 
3«  Anhydrous  Borax  (Na^B^O,). 
2  and  3  require  no  testing. 

4.  Charcoal. 

The  reducing  power  is  determined  as  follows: 

Litharge 60  gms. 

Sodium  bicarbonate 15    " 

Charcoal 1  gm. 
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are  mixed,  as  in  the  testing  of  litharge,  in  a  French  crucible  No.  9 
with  a  cover  of  ordinary  common  salt  and  fused.     After  coolings 
the  weight  of  the  lead  button  obtained  is  determined  and  this  ex- 
presses in  terms  of  lead  the  reducing  power  of  the  charcoal. 
1  gm.  of  charcoal  should  reduce  about  30  gms.  lead. 

5.  Nitre  (KNO,) 

serves  as  an  oxidizing  agent.  Its  oxidizing  power  expressed  in 
terms  of  lead  is  determined: 

Nitre 3  gms. 

Litharge 60    " 

Charcoal 1  gm. 

Sodium  bicarbonate 15  gms. 

are  mixed  and  fused  as  before  and  the  weight  of  the  lead  button  de- 
termined. If  under  (4)  it  was  found  that  1  gm.  charcoal  would 
reduce  P  gm.  lead,  and  if  p  gm.  of  lead  were  obtained  in  this  ex- 
periment, then  the  difference  P—p  shows  the  amount  of  lead  that 
was  oxidized  by  3  gms.  nitre,  or  the  oxidizing  power  of  the  nitre. 
1  gm.  nitre  oxidizes  about  4  gms.  lead. 

6.  Common  Salt. 

Ordinary  table  salt  is  heated  in  a  large  Hessian  crucible  until 
it  melts,  and  the  contents  of  the  crucible  are  poured  into  a  shal- 
low iron  mould  with  a  raised  edge.  The  solidified  crust  is  finely 
powdered  and  preserved  in  a  stoppered  flask. 

After  the  reagents  have  all  been  tested  the  next  step  is  the 

Preliminary  Assay. 

Five  grams  of  the  finely-powdered  and  sifted  ore  are  weighed 
out  and  mixed  with: 

Litharge 80  gms. 

Sodium  bicarbonate 20    '* 

Borax 5    " 

placed  in  a  crucible  and  covered  with  a  layer  of  common  salt.  After 
fusing,  cooling,  and  hanmiering  off  the  slag,  the  lead  button  ob- 
tained is  weighed. 

Since  in  an  ordinary  assay  we  start  with  30  gms.  of  ore^  the 
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weight  of  the  lead  button  now  obtained  multiplied  by  6  will  give 
the  weight  of  the  button  from  the  real  assay.  We  will  distinguish 
four  cases: 

(1)  The  lead  buUon  weighs  3  gms. 

Consequently  the  button  obtained  from  30  gms.  of  ore  would 
weigh  18  gms.  In  this  case  the  ore  is  assayed  with  the  following 
proportions  of  flux: 

Ore 30  gms. 

Litharge 80    " 

Sodium  bicarbonate 20    " 

Borax 5    " 

(2)  The  lead  button  weighs  less  than  3  gms. 

Evidently  the  ore  acts  reducingly,  but  not  enough  so  to  yield  a 
button  weighing  18  gms.  when  30  gms.  of  ore  are  used;  it  is, 
therefore,  necessary  to  add  charcoal  to  the  flux. 

Example. — Let  us  assimfie  that  the  lead  button  obtained  by  the 
preliminary  assay  weighed  1  gm.,  then  the  button  obtained  from 
30  gms.  of  ore  would  weigh  6  gms.  In  order  to  obtain  a  button 
weighing  18  gms.  it  is  necessary  to  add  enough  charcoal  to  supply 
12  gms.  of  lead.  If  1  gm.  of  charcoal  was  found  to  reduce  30  gms. 
of  lead,  then  it  is  necessary  to  add  12-^30  gms.  =  0.4  gms.  of 
charcoal. 

(3)  Ths  lead  button  weighs  mxrre  than  3  gm^. 

In  this  case  the  ore  has  a  strong  reducing  power,  and  to  obtain 
the  lead  button  of  the  right  weight  it  is  necessary  to  add  some  nitre. 

Example, — Suppose  the  button  to  weigh  6  gms.;  this  would 
mean  a  36-gm.  button  when  30  gms.  of  ore  were  used ;  i.e.  18  gms. 
too  much  lead  would  be  produced.  We  must  add,  therefore, 
enough  nitre  to  oxidize  this  18  gms.  of  lead.  If  the  oxidizing  power 
of  1  gm.  of  nitre  was  found  to  be  4  gms.  of  lead,  then  18-^4=4.5 
gms.  of  nitre  must  be  added  to  the  flux. 

Remark. — Ores  which  have  a  very  strong  reducing  power  would 
frequently  require  the  addition  of  enough  nitre  to  cause  the  con- 
tents of  the  crucible  to  boil  over.  In  such  a  case,  about  40-50  gms. 
are  placed  in  a  "roasting-dish"  and  roasted  in  a  muffle,  and  from 


ao6  GRAVIMETRIC  ANALYSIS. 

this  roasted  ore  the  portions  are  taken  for  the  preliminary  and 
final  asBa3rs.  The  results,  however,  must  be  expressed  in  terms  of 
the  unroasted  ore. 

(4)  There  is  no  lead  btUton  formed. 

The  ore  is  either  neutral  or  possesses  an  oxidizing  action.  The 
assay  is  repeated,  using  1  gm.  of. charcoal,  and  from  the  results 
now  obtained  the  final  assay  is  based. 

Final  Assay. 

For  the  final  assay  from  30-120  gms.  of  ore  are  taken  (according 
to  the  amount  of  gold  present)  and  the  corresponding  amount  of 
sodium  bicarbonate  is  added.  The  amount  of  litharge  also  varies 
with  the  amotmt  of  ore,  and  in  some  cases  as  much  as  240  gms.  are 
necessazy,  although  as  a  rule  80  gms.  are  sufiicient.  Otherwise  the 
procedure  is  exactly  the  same  as  in  the  preliminary  assay.  The 
lead  button  is  cupelled  and  the  weighed  silver-gold  button  is 
parted  as  described  on  p.  201. 

Platinum,  Pt.    At.  Wt.  194.8. 

Platinum  is  best  determined  as  metallic  platinum. 
The  following  three  cases  will  be  considered: 

1.  The  platinum  is  present  in  a  hydrochloric  acid  solution 
either  alone  or  together  with  other  metals,  but.  other  platinum 
metals  are  absent. 

2.  The  platinum  is  present  alloyed  with  gold  and  silver. 

3.  The  platinum  is  alloyed  with  small  amounts  of  the  plati- 
num metals  together  with  small  amounts  of  base  metals. 

I.  The  Platinum  is  Present  in  Hydrochloric  Acid  Solution  Either 

Alone  or  Together  with  Other  Metals. 

The  platinum  is  either  precipitated  from  the  solution  as  ammo- 
nium chloroplatinate,  (NH4)jPtCl8,  which  is  decomposed  by  ignition 
and  the  residual  platinum  weighed;  or  the  platinum  is  precipi- 
tated as  metal  by  the  addition  of  reducing  agents  to  the  solution; 
or  finally  the  platinum  is  precipitated  as  sulphide  by  conducting 
hydrogen  sulphide  into  the  hot  solution  and  changed  to  platinum 
by  ignition.    The  two  former  methods  serve  to  separate  platinum 
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from  most  other  metals,  while  the  latter  serves  to  separate  plati- 
num only  from  the  metals  of  the  alkali,  alkaline  earth,  and  ammo- 
nium sulphide  groups,  and  not  from  members  of  the  hydrogen  sul- 
phide group. 

(a)  Precipitation  of  Platinum  as  Ammonium  Chloroplatinate. 

The  solution,  concentrated  as  much  as  possible,  is  nearly  neu- 
traUzed  with  anmionia,  an  excess  of  anmionium  chloride  and  consid- 
erable alcohol  are  added,  and  the  mixture  allowed  to  stand  twelve 
hours  under  a  glass  bell-jar.  It  is  then  filtered  through  an  asbestos 
filter  tube  10-15  cm.  long,  washed  with  80  per  cent,  alcohol  until 
a  few  drops  of  the  filtrate  leave  no  residue  on  being  evaporated 
to  dryness  on  a  platinum  foil.  The  precipitate  is  dried  by  con- 
ducting a  stream  of  air  warmed  to  about  90°  C.  through  the  tube. 
After  cooUng  the  tube  is  weighed,  a  plug  of  ignited  asbestos*  is 
introduced,  and  the  tube  is  again  weighed ;  in  this  way  the  weight 
of  the  asbestos  plug  is  found.  A  stream  of  dry  hydrogen  is  now 
conducted  through  the  tube,  and  the  latter  is  heated  at  as  low  a 
temperature  as  possible  until  no  more  hydrochloric  acid  is  evolved 
and  all  the  anmionium  chloride  has  been  driven  off,  after  which  the 
tube  is  cooled  in  a  desiccator  and  weighed. 

Instead  of  filtering  the  precipitate  upon  asbestos  an  un- 
weighed  paper-filter  may  be  used.  The  moist  precipitate  is 
placed  together  with  the  filter  in  a  large  porcelain  crucible 
so  that  the  apex  of  the  filter-paper  points  upward,  and  the 
covered  crucible  is  then  ignited.  This  ignition  must  be  performed 
with  great  care,  as  otherwise  there  can  be  a  considerable  loss  dur- 
ing the  process.  At  first  the  precipitate  is  dried  by  gently  warm- 
ing the  covered  crucible,  and  when  the  odor  of  alcohol  has  disap- 
peared, the  temperature  is  raised  very  slowly  until  the  crucible  is  at 
a  strong  red  heat.  During  the  whole  operation  there  must  be  no 
visible  escape  of  vapors  from  the  crucible.  The  decomposition  is 
complete  when  there  is  no  longer  a  penetrating  odor  arising  from 
the  covered  crucible.  When  this  point  is  reached,  the  cover  (whose 
under  side  will  be  covered  with  carbon)  is  removed  for  the  first 
time  and  leaned  against  the  crucible  and  the  contents  of  the  latter 

,  *  Ammonium  chloroplatinate  decrepitates  during  the  heating.  To  pre- 
vent loss  of  substance  it  is  heated  between  two  asbestos  plugs. 
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are  ignited  with  free  access  of  air  until  the  carbon  from  the  filter- 
paper  is  completely  burned.  Often  a  slight  deposit  of  platinum  * 
will  be  found  in  the  upper  part  of  the  crucible  and  upon  the  cover, 
so  that  the  latter  must  always  be  weighed  with  the  crucible. 

Remark. — ^If  it  seems  likely  that  the  precipitate  of  ammonium 
chloroplatinate  is  contaminated  with  other  substances  (e.g.  so- 
diiun  chloride,  etc.)  the  precipitate  can  be  dissolved  in  water  after 
it  has  been  washed  with  alcohol  and  dried.  The  platiniun  may 
then  be  determined,  as  described  on  p.  46,  by  precipitating  with 
mercury,  washing  with  dilute  hydrochloric  acid  and  then  with 
water,  and  finally  weighing. 

The  results  obtained  by  this  method  are  satisfactory  but  some- 
what lower  than  the  true  values;  the  following  process  is  more 
accurate: 

(6)  PredpUation  of  Platinum  by  Reducing  Agents. 

The  solution  is  freed  from  any  excess  of  acid  by  evaporation, 
placed  in  an  Erlenmeyer  flask  into  the  neck  of  which  is  groimd 
to  fit  a  return-flow  condenser.  The  solution  is  neutralized  with  am- 
monia, an  excess  of  formic  acid  and  a  httle  ammonimn  acetate  are 
added,  and  the  contents  of  the  flask  after  being  diluted  to  a  volume 
of  200  c.c.  are  heated  to  about  80®  C.  on  the  water-bath  imtil  the 
evolution  of  carbon  dioxide  has  nearly  ceased.  The  flask  is  now 
connected  with  the  return-flow  condenser,  and  its  contents  boiled  for 
twenty-four  hours.  The  precipitated  metal  is  filtered  off,  washed 
with  dilute  hydrochloric  acid,  then  with  water,  dried,  ignited,  and 
weighed. 

2.  The  Platinum  is  Alloyed  with  Gold  and  Silver. 

An  alloy  is  seldom  found  which  contains  only  the  above  three 
noble  metals;  usually  copper  is  also  present.  The  first  step,  then, 
is  to  separate  the  noble  metals  from  the  others  by  cupellation  with 

*  By  means  of  the  dry  distillation  of  the  filter,  carbonic  monoxide  is  formed, 
and  by  the  decomposition  of  the  ammonium  chloroplatinate  chlorine  is  set 
free.  These  two  gases  act  upon  the  metallic  platinum  and  form  volatile  com- 
pounds (PtCla.CO,  PtCl,.2CO,  and  2PtCl,.3CO),  which,  however,  are  later 
decomposed  by  the  aqueous  vapor.  This  causes  the  deposit  of  platinum  in 
the  upper  part  of  the  crucible.  In  order  to  avoid  loss,  a  large  crucible  should 
be  used. 
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lead  as  described  on  p.  197,  after  which  the  hammered  and  rolled 
button  is  treated  with  pure  concentrated  sulphuric  acid.  [Nitric 
acid  cannot  be  used,  for  some  platinum  would  be  dissolved  with 
the  silver.]  After  boiUng  for  ten  minutes,  the  silver  will  be  com- 
pletely dissolved,  provided  at  least  two  parts  of  silver  are  present 
for  each  part  of  platinum,  which  is  usually  the  case.  If  more 
platinum  is  probably  present  than  corresponds  to  the  above  ratio, 
pure  silver  should  be  added,  and  the  mixture  cupelled  once  more 
with  1  gm.  of  lead. 

After  the  alloy  has  been  boiled  for  ten  minutes  with  sulphuric 
acid  it  is  allowed  to  cool,  filtered,  and  the  treatment  with  sulphuric 
acid  repeated  once  again.  The  metal  remaining  behind  (in  the 
form  of  a  roll  or  as  a  powder)  is  washed  three  times  by  decantation 
with  water,  ignited,  and  weighed  as  described  under  gold.  This 
gives  the  weight  of  the  gold  and  the  platinum  together,  and  by  sub- 
tracting this  amount  from  the  original  weight  of  the  noble  metals 
obtained  after  cupellation,  the  weight  of  the  silver  is  obtained. 

Separation  of  Gold  from  Platinum. 

Principle. — If  an  alloy  of  gold  and  platinum  is  treated  with 
nitric  acid,  neither  metal  is  attacked.  If,  however,  the  alloy  con- 
tains three  parts  of  silver  to  one  of  gold  and  platinum  taken  to- 
gether, and  the  alloy  is  treated  at  first  with  acid  of  sp.gr.  1.16  and 
then  with  acid  of  sp.  gr.  1.28,  the  platinum  gradually  goes  into 
solution  with  the  silver. 

Procedure. — ^The  gold-platinum  alloy  is  cupelled  with  three  times 
its  weight  of  pure  silver  and  1  gm.  of  lead,  the  resulting  button  is 
hammered  and  rolled,  after  which  it  is  treated  with  nitric  acid  (of 
the  strength  stated  above),  and  the  residual  metal  weighed.  It  is 
again  cupelled  with  three  parts  of  pure  silver,  and  the  same  proc- 
ess repeated.  This  is  continued  until  a  constant  weight  is  finally 
obtained  for  the  residual  gold ;  the  third  operation  usually  accom- 
plishes this. 

Instead  of  effecting  the  separation  of  the  gold  from  the  platinum 
in  this  way,  the  two  metals  may  be  dissolved  in  aqua  regia,  and 
the  gold  precipitated  by  means  of  ferrous  sulphate,  as  described  on 
p.  195.    This  is  a  good  method. 


2IO  GRAyiMETRIC  ANALYSIS. 

According  to  Vanino  and  Seeman,*  the  separation  is  effected 
much  more  quickly  by  precipitating  the  gold  from  an  alkaline 
solution  by  means  of  hydrogen  peroxide.  In  order  to  determine 
the  platinum,  it  is  precipitated  from  the  boiling  acid  filtrate  by 
hydrogen  sulphide  and  weighed  as  metal  after  ignition  in  a  porce- 
lain crucible. 

Analysis  of  Commercial  Platinum,  according  to  Deville  and  Stas. 

Five  grams  of  the  platinum  alloy  f  are  heated  for  five  hours 
at  a  temperature  of  about  1000°  C.  with  ten  times  as  much  lead 
in  a  crucible  of  purified  gas-carbon ;  this  crucible  is  embedded  in 
one  of  clay  which  is  filled  with  charcoal.  After  cooling,  the  lead 
button  is  treated  with  very  dilute  nitric  acid  until  there  is  no 
longer  any  gas  evolved. 

In  this  way  a  solution,  A,  is  obtained,  containing  about  98.4 
per  cent,  of  the  lead  used,  all  the  palladium  and  copper,  and  small 
amounts  of  platinum,  rhodium,  and  iron,  and  a  residue,  B,  consist- 
ing of  a  black  metallic  powder,  which  is  filtered  off,  and  will  contain 
the  remainder  of  the  platinum  and  rhodium  with  all  of  the  iridium 
and  ruthenium. 

1.  Treatment  of  the  Nitric  Acid  Solution  A, 

The  lead  is  precipitated  by  the  addition  of  slightly  more  than  the 
theoretical  amount  of  sulphuric  acid,  and  filtered.  If  the  lead  sul- 
phate is  pure  white,  it  is  washed  with  dilute  sulphuric  acid.  If  it 
is  not  absolutely  white,  it  is  washed  with  a  solution  of  ammonium 
carbonate  until  it  becomes  so;  small  amounts  of  lead  are  dissolved 
by  this  operation. '  This  last  wash  liquid,  therefore,  is  concen- 
trated, to  precipitate  the  lead  carbonate,  filtered,  and  after  making 
acid  with  hvdrochloric  acid,  added  to  the  main  filtrate. 

The  solution  is  evaporated  to  about  100  c.c,  and  when  cold  is 
poured  into  a  saturated  solution  of  ammonium  chloride.  The 
mixture  is  heated  to  boiling  and  allowed  to  cool  again.  The  am- 
monium chloroplatinate  is  filtered  off  and  washed  with  a  saturated 
solution  of  ammonium  chloride;  in  this  way,  the  greater  part  of 
the  platinum  is  obtained. 

*Berichtel899,p.  1971. 

t  All  commercial  platinum  contains  other  platinum  metals,  especially 
iridium. 
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The  filtrate  from  the  platinum  precipitate  is  boiled  with  formic 
acid  and  ammonium  acetate  as  described  on  p.  208,  &.  In  this  case 
tl)e  remainder  of  the  platinum,  the  palladium,  and  the  rhodium  will 
be  precipitated.  These  metals  are  filtered  off,  and  the  copper  and 
iron  are  determined  in  the  filtrate  in  the  usual  way.  The  formic 
acid  precipitate  (consisting  of  a  black  metallic  powder)  is  dried  and 
fused  with  potassium  bisulphate  in  a  porcelain  crucible.  The  melt 
is  treated  with  water,  the  solution  decanted  from  the  unattacked 
platinum  and  washed  alternately  with  ammonium  carbonate  and 
nitric  ,acid  (to  remove  traces  of  lead  sulphate),  then  with  dilute 
hydrofluoric  acid,  and  finally  with  water;  it  is  then  dried  and 
weighed.  The  filtrate  from  the  platinum  contains  palladium  and 
rhodium.  The  former  is  precipitated  by  the  addition  of  mercuric 
cyanide,  and  boiling  until  the  odor  of  hydrocyanic  acid  has  disap- 
peared. The  voluminous,  yellowish-white  precipitate  of  palladous 
cyanide  is  washed  first  by  decantation,  then  upon  the  filter,  dried,  and 
ignited  at  first  cautiously  and  then  strongly  over  the  blast  until  the 
paracyanide  is  completely  destroyed ;  finally  heating  in  a  current 
of  hydrogen  (as  in  the  case  of  copper  sulphide,  p.  146)  in  order  to 
reduce  any  palladium  that  has  been  oxidized  by  the  previous  treat- 
ment. As  soon  as  the  flame  is  removed,  the  supply  of  hydrogen  is 
at  once  cut  off  in  order  to  prevent  its  being  absorbed  by  the  metal. 
The  palladium  is  weighed  after  cooling. 

The  rhodium  is  precipitated  from  the  filtrate  by  means  of  formic 
acid,  as  before,  and  the  deposited  metal  is  dried,  ignited  in  a  stream 
of  hydrogen,  allowed  to  cool  in  the  gas,  and  then  weighed. 

2.  Treatment  of  the  Residue  B, 

The  washed  residue  is  warmed  with  dilute  aqua  regia  (in  this 
case  2  vol.  nitric  acid,  8  vol.  hydrochloric  acid,  and  90  vol.  water), 
and  in  this  way  solution  C  is  obtained,  which  contains  the  rest  of 
the  lead,  platinum,  and  rhodium,  and  residue  D,  consisting  of 
lamellse  of  iridium  and  ruthenium. 

3.  Treatment  of  the  Solviion  C. 

After  evaporating  to  a  small  volume,  the  lead  is  removed  by  sul- 
phuric acid,  the  solution  again  evaporated,  taken  up  in  hydro- 
chloric acid,  and  the  platinum  present  is  precipitated  by  pouring 
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into  a  cold  saturated  solution  of  ammonium  chloride  exactly  as 
described  under  1,  p.  210.  The  platinum  precipitate  contains  a 
little  rhodium,  and  after  washing  it  with  a  saturated  solution  of 
ammonium  chloride,  it  is  placed  at  one  side  for  the  time  being. 

The  filtrate,  together  with  the  wash  water,  is  evaporated  until 
more  platinum  and  rhodium  separate  out  on  cooling,  and  this  pre- 
cipitate is  filtered  off  and  washed  as  before. 

Both  filters,  together  with  the  precipitates,  are  now  placed  in  a 
small,  weighed  porcelain  dish,  dried,  and  reduced  at  as  low  a  tem- 
perature as  possible,  in  a  stream  of  illuminating  gas,  and  heated 
somewhat  in  a  muffle  so  as  to  remove  the  carbon  from  the  filter. 
The  metal  thus  obtained  (platinum -f  rhodium)  is  weighed.  For  the 
separation  of  the  rhodium  from  the  platinum,  the  spongy  metal  is 
heated  in  the  same  dish  with  potassium  bisulphate,  gradually  rais- 
ing the  temperature  until  a  All-red  heat  is  obtained.  After  cool- 
ing, the  melt  is  extracted  with  water,  the  unattacked  platinum  (it 
may  still  contain  small  amounts  of  rhodium)  is  filtered  off,  washed, 
and  again  fused  with  potassium  bisulphate.  This  operation  is 
repeated  until  the  rhodium  is  completely  extracted,  which  is  knoA\Ti 
by  the  melt  showing  no  yellow  color  after  ten  minutes. 

The  platinum  is  washed,  ignited,  and  weighed  as  described 
under  1. 

The  combined  filtrates  from  the  platinum  contain  rhodium  and 
still  a  little  platinum.  Ammonia,  acetic  and  formic  acids,  there- 
fore, are  added  once  more,  and  the  solution  boiled  for  a  long  time. 
The  precipitated  metal  is  filtered  off,  ignited,  weighed,  aften^ard 
fused  at  a  distinct  red  heat  with  potassium  bisulphate,  and  the 
cold  melt  extracted  with  water.  If  a  residue  remains  after  this 
treatment,  it  is  filtered  off,  weighed,  and  treated  with  dilute  aqua 
regia.     If  it  dissolves,  it  is  platinum ;  if  it  does  not,  it  is  rhodium. 

The  filtrate  from  the  ammonium  chloroplatinate,  which  con- 
tained some  rhodium,  is  diluted,  formic  acid  and  ammonium  ace- 
tate are  added,  and  it  is  gently  boiled  for  two  or  three  days  in  an 
Erlenmeyer  flask  connected  with  a  return-flow  condenser.  The 
liquid  evaporates  somewhat  in  spite  of  the  condenser,  and  the  evap- 
orated part  is  replaced  from  time  to  time  with  a  dilute  solution  of 
ammonium  formate.  In  this  way  small  amounts  of  platinum  and 
rhodium  are  precipitated,  which  are  filtered  off  and  separated  by 
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fusion  with  potassium  bisulphate  as  before.     In  the  filtrate  there 
are  likely  to  be  present  traces  of  platinum,  rhodium,  and  iron. 

The  iron  is  first  removed  by  the  addition  of  chlorine  water  and 
afterward  ammonia;  the  ferric  hydroxide  is  filtered  off,  ignited,  and 
weighed.  In  order  to  remove  the  last  traces  of  platinum  and  rho- 
dium, this  last  filtrate  is  evaporated  to  dryness,  the  residue  heated 
with  nitric  acid  in  order  to  remove  the  ammonium  chloride  com- 
pletely, and  then  boiled  for  a  long  time  with  formic  acid  and  am-- 
monium  acetate.  The  traces  of  metal  thus  obtained  are  washed 
with  hydrofluoric  acid  and  added  to  the  main  portion  of  platinum 
and  rhodium. 

4.  Treatment  of  the  Residiie  D, 

The  undissolved,  gray  lamellae  consisting  of  iridium,  ruthenium, 
and  small  amounts  of  iron  obtainea  by  the  action  of  dilute  aqua 
regia,  are  filtered  off,  dried,  ignited  in  an  atmosphere  of  hydrogen 
or  illuminating  gas,  and  weighed. 

The  weighed  metal  is  then  fused  in  a  pure  gold  crucible  with 
potassium  nitrate  and  carbonate.  For  this  purpose,  a  previously 
melted  mixture  of  3  gms.  potassium  nitrate  and  10  gms.  potassium 
carbonate  is  placed  in  the  crucible,  the  metal  added,  and  the  mix- 
ture heated  for  two  hours  at  a  dull-red  temperature.  In  this  way 
the  ruthenium  is  changed  completely  into  water-soluble  potassium 
ruthenate,  K2RUO4,  and  the  iridium  is  oxidized  to  ItjO^;  the  latter 
forms,  to  some  extent,  a  soluble  compound  with  the  alkali. 

The  melt  is  treated  with  water,  and  the  solution,  together  with 
the  suspended  IrjO,,  is  poured  into  a  stoppered  cyUnder,  the  pre- 
cipitate allowed  to  settle,  and  the  clear  liquid  decanted  off  into  a 
retort. 

The  residue  remaining  in  the  cylinder  is  covered  repeatedly  with 
a  dilute  solution  of  sodium  hypochlorite  and  sodium  carbonate, 
imtil  the  yellow  color  is  completely  removed.  The  decanted  liquid 
is  added  to  the  main  solution  in  the  retort.  This  solution  con- 
tains all  the  ruthenium  and  a  part  of  the  iridium.  It  is  saturated 
with  chlorine  in  the  cold,  distilled,  and  the  distillate  received  in  a 
mixture  of  alcohol  (distilled  over  potassium)  and  pure  hydro- 
chloric acid. 

After  the  distillation  is  complete,  the  alcoholic  distillate  is  evap- 
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orated  to  dryness,  and  the  ruthenium  chloride  thus  obtained  is  re- 
duced to  metal  by  heating  in  a  stream  of  hydrogen.  After  weigh- 
ing, the  purity  of  the  ruthenium  is  tested.  It  must  dissolve  com- 
pletely in  a  concentrated  solution  of  sodium  hypochlorite. 

The  liquid  remaining  in  the  retort  is  evaporated  to  a  smaU  vol- 
imie,  the  insoluble  residue  remaining  in  the  cylinder  (that  was 
washed  with  sodium  hypochlorite  and  sodiimi. carbonate)  is  added, 
and  the  mixture  boiled  with  caustic  soda  solution,  with  the  addi- 
tion of  a  little  alcohol,  until  all  of  the  iridium  is  precipitated. 

The  dark-blue  precipitate,  consisting  of  iridium  oxide  and  small 
amoimts  of  ferric  hydroxide,  is  filtered  off,  washed,  and  strongly 
ignited.  The  ferric  oxide  contained  in  it  is  then  extracted  with 
hydrochloric  acid  containing  some  ammonium  iodide,  and  the  re- 
sidual iridium  oxide  is  washed  successively  with  water,  chlorine 
water,  and  hydrofluoric  acid  in  order  to  remove  gold  that  came 
from  the  crucible  and  silicic  acid  from  the  caustic  soda.  It  is  then 
ignited  in  hydrogen  and  the  iridium  weighed. 

The  iron  present  in  the  hydrochloric  acid  extract  is  precipitated 
as  ferric  hydroxide,  ignited,  and  weighed.  Its  purity  is  tested  by 
heating  in  a  stream  of  hydrogen  and  hydrochloric  acid,  to  see  if  it 
can  be  completely  changed  to  ferrous  chloride  and  volatilized  as 
such. 

F.  Mylius  and  F.  Forster*  have  recommended  that  platimmi 
be  tested  for  small  amounts  of  impurity  by  taking  three  separate 
portions  each  weighing  10  gms.  The  first  portion  is  tested  for 
palladium,  iridium,  and  ruthenium  according  to  the  lead  pro- 
cedure just  described  of  Deville  and  Stas.  The  second  portion 
serves  for  the  iron  determination ;  the  metal  is  dissolved  in  aqua 
regia,  the  platinum  metals  precipitated  by  formic  acid,  and  the 
iron  determined  in  the  filtrate.  *In  the  third  portion,  rhodium, 
silver,  copper,  and  lead  are  determined  by  volatilizing  the  plati- 
num as  PtCLjCO  at  238^  C.  (temperature  of  boiling  quinoline)  in 
a  stream  of  carbon  monoxide  and  chlorine,  and  determining  the 
above  substances  in  the  residue. 

Remark. — The  determination  of  the  iron  in  a  separate  portion  is 
to  be  recommended,  for  in  the  lead  procedure  some  iron  is  always 
obtained  from  the  carbon  crucible. 


*  Berichte  1892,  p.  666. 
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Selenium,  Se.    At.  Wt.  70.1. 

Selenium  is  usually  determined  as  the  element  itself. 
Three  cases  are  to  be  considered: 

I.  The  selenium  is  present  as  alkali  selenite  or  as  seleinous  acid. 
II.  The  selenium  is  present  as  alkali  selenate  or  as  selenic  acid* 
III.  The  selenium  is  present  as  potassium  selenocyanide. 

I.  The  selenium  is  present  as  selenite  or  as  free  seleinous  add. — 
The  solution  is  acidified  with  hydrochloric  acid,  saturated  with 
sulphur  dioxide  gas,  boiled,  filtered  through  a  Gooch  crucible,  and 
washed  first  with  water,  then  with  alcohol.  The  residue  is  dried 
at  105°  C.  and  weighed. 

Remark, — ^The  precipitation  of  selenium  by  sulphur  dioxide  is 
always  quantitative  whether  the  solution  is  concentrated  or  dilute, 
whether  it  contains  much  or  little  free  acid.  This  latter  fact  is  of 
importance  in  the  separation  of  selenium  from  tellurium,  for  the 
latter  element  is  not  precipitated  by  sulphur  dioxide  when  consid- 
erable hydrochloric  acid  is  present  (cf.  p.  219). 

Phosphoric  acid  does  not  precipitate  selenium  from  cold,  dilute, 
strongly  acid  solutions;  this  fact  is  made  use  of  in  the  separation 
of  selenium  from  mercury  (cf.  p.  218). 

II.  The  selenium  is  present  as  alkali  selenate  or  as  free  selenic 
acid, — As  selenium  in  the  form  of  selenic  acid  is  not  precipitated 
by  sulphur  dioxide,  phosphoric  acid,  or  hydrogen  sulphide,  it  must 
be  first  reduced  to  selenous  acid  by  long-continued  boiling  with 
hydrochloric  acid  (cf .  Vol.  1,  p.  443) ;  the  above  procedure  is  then 
followed. 

III.  The  selenium  is  present  as  potassium  selenocyanide. — ^The 
solution,  concentrated  as  much  as  possible,  is  treated  with  hydro- 
chloric acid,  boiled,  allowed  to  settle,  and  the  precipitate  filtered 
through  a  Gooch  crucible,  dried  at  105°  C,  and  weighed. 

Remark. — From  very  dilute  solutions  of  potassium  selenocy- 
anide, selenium  separates  out  only  very  slowly  according  to  this 
method;  it  is  therefore  advisable  to  concentrate  the  solution  as 
much  as  possible,  but  when  this  cannot  be  done,  the  boiling  with 
hydrochloric  acid  should  be  continued  for  some  time  and  the  liquid 
^owed  to  stand  before  filtering. 
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In  practice,  selenium  is  obtained  usually  in  none  of  the  above 
forms,  but  as  impure  selenium  (seleniimi  spoi^e)  or  as  selenide, 
and  by  the  treatment  of  these  substances  one  or  the  other  of  the 
above  selenium  compounds  is  obtained. 

If  the  selenium  or  selenide  is  acted  upon  by  concentrated  nitric 
acid,*  or  aqua  regia,  all  of  it  is  dissolved  in  the  form  of  selenous  acid 
(not  selenic  acid).  After  evaporating  the  solution  several  times 
with  hydrochloric  acid  in  order  to  remove  the  excess  of  nitric 
acid,  the  selenium  is  precipitated  by  sulphur  dioxide  as  described 
under  1. 

If  the  finely  powdered  selenium  or  selenide  is  intimately  mixed 
with  two  parts  sodium  carbonate  and  one  part  potassium  ni- 
trate, placed  in  a  nickel  crucible,  covered  with  a  layer  of 
sodium  carbonate  and  potassium  nitrate  and  heated  gradually 
until  it  fuses,  all  the  selenium  forms  alkali  selenate  and  on  ex- 
tracting the  melt  with  water  it  goes  into  solution;  in  this  way  it 
is  separated  from  most  of  the  remaining  oxides.  The  solution, 
however,  often  contains  small  amounts  of  lead.  In  order  to  re- 
move the  latter,  the  filtrate  is  treate<l  with  hydrogen  sulphide, 
and  again  filtered ;  the  solution  is  freed  from  hydrogen  sulphide 
by  boiling,  strongly  acidified  with  hydrochloric  acid,  boiled  until 
no  more  chlorine  is  evolved  and  the  selenium  is  precipitated  by 
sulphur  dioxide  according  to  II. 

Remark  1.— The  mixture  must  be  heated  very  slowly,  as  other- 
wise some  selenium  ia  likely  to  be  lost  by  volatilization. 

Selenium  and  very  many  selenium  compounds  may  be  satisfac- 
torily determined  as  follows:  The  dry,  finely  fwwdered  sponge  is 
fused  at  as  low  a  temperature  as  possible  in  a  current  of  hydrogen  f 
with  twelve  times  as  much  potassium  cyanide.  After  the  mass 
ed  quietly  for  about  fifteen  minutes  it  is  allowed  to  cool  in 
en.  It  is  then  extracted  with  water,  the  solution  is  heated 
ng,  and  analyzed  according  to  III. 

rcury  cyanide  is  unacted  upon  by  nitric  acid,  but  ia  dissolved  by 

Rose  crucible  (Fig.  32,  p.  146)  is  used,  or  a  round-bottomed  flask 
ing  neck  made  of  difficultly  fusible  glass,  from  which  the  air  is  replaced 
ogen.  In  the  latter  case  the  delivery-tube  must  be  so  wide  that  the 
the  flask  is  nearly  filled  with  it. 
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Remark  2. — It  is  necessary  to  boil  the  solution  of  potassium  se- 
lenocyanide  before  acidifying  it,  for  small  amoimts  of  potassium 
selenide  (KjSe)  are  almost  always  present,  and  on  acidifying  with 
hydrochloric  acid  this  is  decomposed  with  evolution  of  hydro- 
gen selenide.  On  boiling,  the  potassium  selenide  is  changed  to 
potassium  selenocyanide  according  to  the  equation: 

K,Se+KCN-fH,0+0=2K0H  +  KCNSe. 

Tellurium,  Te.    At.  Wt.    127.0. 

Tellurium  is  usually  determined  as  the  element  itself. 

If  sulphur  dioxide  is  conducted  into  a  hydrochloric  acid  solu- 
tion containing  tellurous  acid,  black  tellurium  is  quantitatively 
precipitated,  provided  the  solution  does  not  contain  too  much  add. 
If  tellurous  acid  is  dissolved  in  200  c.c.  of  hydrochloric  acid,  sp.  gr. 
1.175,  no  tellurium  will  be  precipitated  on  passing  sulphur  dioxide 
into  the  cold  solution.  If,  however,  the  solution  is  diluted  with 
an  equal  volume  of  water  and  sulphur  dioxide  is  passed  into  the 
boiling  solution,  all  the  tellurium  will  be  precipitated.  The  pre- 
cipitate is  filtered  off,  washed  with  water  imtil  free  from  chlorides, 
then  with  alcohol,  dried  at  105®  C.  and  weighed.  The  oxidation  of 
the  tellurium  during  the  drying  is  so  slight  that  it  can  be  disre- 
garded. 

Separation  of  Selenium  and  Tellurium  from  the  Metals  of 

Groups  in,  IV,  and  V. 

By  conducting  sulphur  dioxide  into  the  solution  fairly  acid  with 
hydrochloric  acid,  the  selenium  and  tellurium  will  be  quantita- 
tively precipitated  while  the  other  metals  remain  in  solution^. 

Separation  of  Selenium  and  Tellurium  from  the  Metals  of  Group  U. 

(a)  From  Copper,  BismiUh,  and  Cadmium. 

Sulphur  dioxide  is  passed  into  the  boiling  solution,  acid  with 
hydrochloric  acid,  whereby  all  of  the  selenimn  and  tellurium  and 
usually  some  of  the  bismuth  are  precipitated.  The  precipitate 
after  being  washed  is  dissolved  in  nitric  acid,  the  solution  evapo- 
rated to  dryness,  taken  up  in  concentrated  hydrochloric  acid, 
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diluted  with  a  little  water  and  precipitated  with  hydrogen  sul- 
phide. The  precipitate,  consisting  of  the  three  sulphides,  is  washed 
and  then  treated  with  sodium  sulphide  solution  whereby  selenium 
and  tellurium  pass  into  solution  while  the  bismuth  remains  behind 
as  its  brown  sulphide  and  is  filtered  off. 

The  solution  containing  the  selenium  and  tellurium  is  acidified 
with  nitric  acid,  carefully  evaporated  to  dryness  and  the  residue 
boiled  with  200  c.c.  of  hydrochloric  acid,  sp.  gr.  1.175,  until  there 
is  no  longer  any  evolution  of  chlorine.  The  deposited  sulphur  is 
then  filtered  off  through  a  Gooch  crucible,  and  the  filtrate  satu- 
rated with  sulphur  dioxide  gas;  all  the  selenium  is  in  this  way  pre- 
cipitated. The  latter  is  filtered  off  through  a  Gooch  crucible  and 
washed  successively  with  a  mixture  of  90  vol.  HCl  (sp.  gr.  1.175) 
and  10  vol.  water,  dilute  hydrochloric  acid,  and  finally  absolute 
alcohol.  The  precipitate  is  dried  at  105®  C.  and  weighed.  The 
filtrate  is  diluted  with  an  equal  volmne  of  water  and  the  tellurium 
precipitated  by  passing  sulphur  dioxide  into  the  boiling  solution. 
This  precipitate  is  washed  with  water  until  free  from  chlorides, 
then  with  absolute  alcohol,  after  which  it  is  dried  at  105®  C.  and 
weighed. 

Remark, — ^The  above  method  is  suitable  for  the  separation  of 
selenium  and  tellurium  from  small  amounts  of  bismuth,  but  does 
not  effect  the  separation  of  selenium  (and  tellurium)  from  copper. 
In  this  case,  more  or  less  copper  selenide  is  formed  according  to 
the  conditions,  and  this  compound  is  not  decomposed  quantita- 
tively by  sodium  sulphide.* 

(6)  From  Antimony,  Tin  and  Arsenic, 

If  considerable  antimony  is  present,  tartaric  acid  is  added  to  the 
solution,  and  the'  selenium  and  tellurium  are  then  precipitated  by 
boiling  with  sulphur  dioxide. 

(c)  From  Mercury. 

The  mercury  selenide,  or  telluride,  is  dissolved  in  aqua  regia,  chlo- 
rine water  is  added,  and  the  solution  is  diluted  largely  with  water. 
Phosphorous  acid  is  added,t  and  after  twenty-four  hours  standing, 

*  Gf.  E.  Keller,  Jour.  Amer.  Chem.  Soc.  19,  771. 

t  Selenous  and  tellurous  acids  are  not  precipitated  by  phosphorous  acid 
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the  mercury  is  precipitated  completely  as  mercurous  chloride,  and 
is  determined  as  such  according  to  p.  135. 

The  filtrate  containing  selenium  and  tellurium  is  concentrated, 
taken  up  in  water,  and  the  selenium  separated  from  the  telliuium 
according  to  the  method  of  Keller  (see  below.) 

(d)  From  Gold  and  Silver. 

The  separation  of  selenium  and  tellurium  from  silver  offers  no 
difficulty,  inasmuch  as  the  latter  can  be  precipitated  by  hydro- 
chloric acid  and  determined  as  the  chloride. 

The  gold  is  precipitated  as  described  on  p.  196  by  oxalic  acid 
and  the  selenium  and  tellurium  in  the  filtrate  by  means  of  sulphur 
dioxide.  The  three  metals  may  also  be  precipitated  together  by 
sulphur  dioxide,  weighed,  and  the  selenium  and  tellurium  after- 
ward volatilized  by  roasting,  leaving  the  gold  behind. 

TeUurium  may  be  separated  from  gold  by  precipitating  the  lat- 
ter with  ferrous  sulphate.  In  the  case  of  selenium^  however,  it  is 
also  precipitated  quantitatively  by  ferrous  sulphate  from  solutions 
strongly  acid  with  hydrochloric  acid. 

Separation  of  Selenium  from  Tellurium. 

A,    Method  of  E,  Keller* 

Keller's  method  is  based  upon  the  fact  that  tellurous  acid  is  not 
precipitated  from  solutions  strongly  acid  with  hydrochloric  acid 
while  selenium  is  precipitated  quantitatively. 

Procedure, — The  mixture  of  the  two  elements  precipitated 
by  sulphur  dioxide  is  dissolved  in  nitric  acid  and  carefully 
evaporated  to  dryness.  The  dry  mass  is  treated  with  200  c.c.  of 
hydrochloric  acid  (sp.  gr.  1.175),  boiled  to  remove  the  nitric  acid 
and  saturated  with  sulphur  dioxide.  The  precipitated  selenium 
is  filtered  through  a  Gooch  crucible,  washed  first  with  a  mixture 
of  90  vol.  HCl  (sp.  gr.  1.175)  and  10  vol.  water,  then  with  dilute 
hydrochloric  acid,  then  with  water  until  free  from  chloride,  finally 
with  absolute  alcohol.  The  selenium  is  then  dried  at  105°  C.  and 
weighed.    The  filtrate  is  diluted  with  an  equal  volume  of  water, 

from  dilute  hydrochloric  acid  solution,  but  are  precipitated  from  hot  con- 
centrated solutions. 

♦  Jour.  Amer.  Chem.  Soc.  19,  771. 
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heated  to  boiling,  and  the  tellurium  precipitated  by  sulphur  diox- 
ide and  treated  in  exactly  the  same  way  as  the  selenium. 

According  to  Keller,  this  method  gives  thoroughly  satisfactor}'^ 
results,  as  long  as  the  amount  of  tellurium  present  does  not  exceed 
5  gms.  Even  then  the  separation  can  be  effected  by  increasing  the 
amount  of  acid  to  450  c.c. 

B,    The  Potassium  Cyanide  Method. 

The  precipitate  of  selenium  and  tellurium  produced  by  sulphur 
dioxide  is  fused  with  twelve  times  as  much  of  pure  (98  per  cent.) 
potassium  cyanide,  in  an  atmosphere  of  hydrogen,  as  described  on 
p.  216.  The  tellurium  is  almost  wholly  changed  to  potassium 
telluride,  KjTe  (a  small  amount  of  potassium  tellurocyanide  is 
probably  formed),  while  the  selenium  is  changed  for  the  most  part 
into  potassium  selenocyanide,  and  to  a  slight  extent  into  potassium 
selenide. 

The  brown  melt  is  dissolved  in  water,  and  a  slow  current  of  air  is 
conducted  through  the  solution  whereby  the  KjTe  is  quantitatively 
decomposed  according  to  the  equation 

K2Te+HjO-fO=2KOH+Te. 

After  standing  twelve  hours  the  tellurium  is  filtered  off  through  a 
Gooch  crucible,  washed  with  water,  then  with  absolute  alcohol, 
dried  at  105®  and  weighed. 

The  colorless  filtrate  is  heated  to  boiling  *  in  order  to  change  any 
potassium  selenide  into  the  double  cyanide;  it  is  then  acidified 
with  hydrochloric  acid  imder  a  good  hood  {hydrocyanic  acid!), 
filtered,  and  the  selenium  determined  according  to  p.  215. 

Remark. — ^This  method  gives  slightly  low  results  for  tellurium 
and  high  values  for  selenium.  This  is  due  to  the  fact  that  a  little 
potassium  tellurocyanide  is  formed  by  the  fusion  and  this  com- 
pound is  not  decomposed  by  the  current  of  air,  but  is  subsequently 
precipitated  with  the  selenium  on  acidif)dng  the  solution. 

Determination  of  Selenium  and  Tellurium  in  Crude  Copper. 

Many  copper  ores  contain  selenium  and  tellurium,  so  that  the 
crude  copper  obtained  from  such  ores  always  contains  these  ele- 

*  Cf.  p.  217,  Remark  2. 
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ments.  The  amount  present  may  be  determined,  according  to 
Keller,*  as  follows:  According  to  the  amounts  of  selenium  and 
tellurium  present,  from  5  to  100  gm.  of  the  copper  are  taken  for 
the  analysis  The  sample  is  dissolved  in  nitric  acid  and  an  excess 
of  ammonia  is  added  whereby  the  phosphorus,  arsenic,  antimony, 
tin,  bismuth,  selenium,  and  tellurium  are  precipitated  together  with 
the  ferric  hydroxide,  while  the  copper  is  held  in  solution  by  the 
excess  of  ammonia.  The  precipitate  is  filtered  off  and  washed  with 
dilute  ammonia- water  until  the  copper  is  completely  removed.  The 
precipitate  is  dissolved  in  hydrochloric  acid  and  this  solution  satu- 
rated with  hydrogen  sulphide  in  the  cold,  whereby  selenium  and 
tellurium  together  with  arsenic,  antimony,  tin,  and  bismuth  are 
thrown  down  as  sulphides  and  are  separated  by  filtration  from  the 
iron  and  phosphorus.  The  precipitate  thus  obtained  is  treated 
with  sodium  sulphide  and  filtered.  The  filtrate  containing  all  the 
selenium  and  tellurium  in  the  presence  of  arsenic,  antimony,  and 
tin  as  sulpho  salts  is  acidified  with  nitric  acid  and  carefuUy  evapo- 
rated to  dryness.  The  residue  is  dissolved  in  200  c.c.  of  hydro- 
chloric acid  (sp.  gr.  1.175)  and  treated  as  described  on  p.  219,  A, 

MOLYBDENUM,  Mo.     At.  Wt.  96.0. 
Form:  Molybdenum  Triozidei  M0O3. 

If  the  molybdenum  is  present  as  ammonium  molybdate,  a 
weighed  portion  is  heated  in  a  spacious  porcelain  or  platinum 
iTucible,  at  first  carefully  and  later  to  a  dull  red  heat;  this  leaves 
the  molybdenum  trioxide  behind  in  the  form  of  a  dense  powder, 
appearing  yellow  when  hot  and  almost  white  when  cold. 

There  is  no  danger  of  losing  any  of  the  molybdenum  by  volatili- 
zation, provided  the  dull  red  heat  is  not  exceeded. 

If  the  molybdenum  is  present  as  alkali  molybdate,  it  is  changed 
to  mercurous  molybdate  or  to  its  sulphide,  and  then  analyzed  as 
described  below. 

Precipitation  of  Molybdenum  as  Mercurous  Molybdate. 

In  the  course  of  analysis  it  is  frequently  necessary  to  determine 
molybdenum  in  alkali  molybdates  obtained  by  fusion  with  an  alkali 
carbonate. 

*  Jour.  Amer.  Chem.  Soc.  22»  241. 
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The  greater  part  of  the  alkali  is  neutralized  with  nitric  acid, 
and  to  the  sUghtly  alkaline  solution  a  barely  acid  solution  of  mer- 
curous  nitrate  is  added  until  no  further  precipitation  is  effected. 
The  liquid  is  then  heated  to  boiling,  the  black  precipitate,  consisting 
of  mercurous  carbonate  and  mercurous  molybdate,  is  allowed  to  set- 
tle, is  filtered  and  washed  with  a  dilute  solution  of  mercurous 
nitrate.  The  precipitate  is  dried,  transferred  as  completely  as  pos- 
sible to  a  watch-glass,  and  the  precipitate  remaining  on  the  filter  is 
dissolved  in  hot  dilute  nitric  acid  into  a  large  porcelain  crucible^ 
The  solution  is  then  evaporated  to  dryness,  the  main  portion  of  the 
precipitate  added  to  the  residue,  and  the  whole  is  heated  very  care- 
fully over  a  low  flame  until  the  mercury  is  completely  volatilized, 
after  which  the  residual  molybdenum  trioxide  is  weighed. 

Remark. — ^It  was  formerly  customary  to  add  a  slight  excess  of 
mercurous  nitrate  solution  and  then  to  add  mercuric  oxide  to  neu- 
tralize the  excess  of  nitric  acid  (the  solution  of  mercurous  nitrate 
contains  free  nitric  acid).  According  to  the  above  procedure  of 
Hillebrand,  the  addition  of  mercuric  oxide  is  wholly  superfluous, 
for  the  basic  mercurous  carbonate  suffices  to  remove  the  slight 
amount  of  free  nitric  acid. 

Precipitation  of  Molybdenum  as  Molybdenum  Sulphide. 

The  precipitation  of  molybdenum  as  the  sulphide  can  take  place 
in  two  different  way^:  either  the  acid  solution  may  be  precipitated 
by  hydrogen  sulphide  gas,  or  the  solution  of  ammonium  sulpho- 
molybdate  may  be  acidified  with  dilute  acid. 

(a)  Precipitation  of  Molybdenum  Sulphide  from  Add  Solutions, 

The  molybdenum  solution,  slightly  acid  with  sulphuric  acid,*  is 
placed  in  a  small  pressure-flask  and  saturated  in  the  cold  with 
hydrogen  sulphide.  The  flask  is  closed,  heated  on  the  water- 
bath  imtil  the  precipitate  has  completely  settled,  and  filtered 
after  it  has  become  cold.  The  precipitate  is  washed  with  very 
dilute  sulphuric  acid  and  finally  with  alcohol  until  the  acid  haa 
been  completely  removed.  The  moist  filter  is  placed  in  a  large 
porcelain  crucible  and  dried  upon  the  water-bath.    The  crucible 

*  In  many  cases,  e.g.  for  the  separation  of  Mo  from  Ba,  Sr,  and  Ca,  it  i» 
necessary  to  replace  the  sulphuric  with  hydrochloric  acid. 
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is  then  covered  and  very  carefully  heated  over  a  smaU  flame  until 
no  more  hydrocarbons  are  expelled.  The  cover  is  then  removed^ 
the  carbon  burned  from  the  sides  of  the  crucible  at  as  low  a  tem- 
perature as  possible,  and,  by  raising  the  temperature  gradually^ 
the  sulphide  is  changed  to  oxide.  The  operation  is  finished  when 
no  more  sulphur  dioxide  is  formed.  After  cooling,  a  little  mercuric 
oxide  suspended  in  water  is  added  to  the  contents  of  the  crucible, 
the  mixture  is  well  stirred,  evaporated  to  dryness  on  the  water- 
bath,  the  mercuric  oxide  is  removed  by  gentle  ignition,  and  the  resi- 
due of  molybdenum  trioxide  is  weighed.  The  mercm*ic  oxide  is 
added  in  order  to  remove  particles  of  unbumed  carbon. 

It  is  much  easier  to  transform  the  molybdenum  trisulphide  into 
the  oxide  as  follows:  The  sulphide  is  filtered  through  a  Gooch  cru- 
cible, washed  with  water  containing  sulphuric  acid,  and  then  with 
alcohol,  and  dried  at  100^  C.  The  crucible  is  placed  within  a  larger 
nickel  one,  covered  with  a  watch-glass,*  and  carefully  heated  over 
a  small  flame  whereby  the  sulphide  is  for  the  most  part  changed 
to  the  oxide.  As  soon  as  the  odor  of  sulphur  dioxide  can  no  longer 
be  detected,  the  watch-glass  is  removed  and  the  open  crucible 
heated  until  it  is  brought  to  a  constant  weight.  The  molybdenum 
oxide  thus  obtained  always  contains  traces  of  SOj,  and  consequently 
has  a  bluish  appearance.    The  results,  nevertheless,  are  excellent. 

(b)  Hydrogen  SiUphide  is  Passed   into    the  Ammoniacal  Molyb- 
denum Solution 

imtil  it  assumes  a  bright-red  color,  when  it  is  acidified  with  sul- 
phuric acid  and  the  precipitate  treated  as  described  under  (a). 

The  Separation  of  Molybdenum  from  the  Alkalies 

can  take  place  by  precipitation  as  mercurous  molybdate  or  as  sul- 
phide, as  described  above. 

Separation  of  Molybdenum  from  the  Alkaline  Earths. 

The  substance  is  fused  with  sodium  carbonate,  the  melt  ex- 
tracted with  water  and  filtered.  The  solution  contains  all  the 
molybdenimi  as  alkali  molybdate,  while  the  alkaline  earths  remain 

*  To  avoid  loss  by  decrepitation. 
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tindissolved  as  carbonates.    From  the  aqueous  solution  the  molyb- 
denum is  determined  as  previously  described. 

Separation  of  Molybdenum  from  the  Metals  of  the  Ammonium 

Sulphide  Group. 

The  molybdenum  is  precipitated  as  sulphide  (preferably  from  a 
sulphuric  acid  solution)  by  treatment  with  hydrogen  sulphide  under 
pressure  (see  p.  222).  If  the  solution  contains  titanium,  it  is  better 
to  first  add  ammonia  and  ammonium  sulphide,  whereby  the  metals 
of  Group  III  will  be  precipitated  and  the  molybdenum  will  remain 
in  solution  in  the  form  of  its  sulpho  salt.  After  filtration,  the 
molybdenum  is  precipitated  as  sulphide  by  the  addition  of  acid 
(see  p.  223,  6). 

Separation  of  Molybdenum  from  the  Metals  of  Group  n. 

(a)  From  Lead,  Coppery  Cadmium,  and  Bismuth, 

The  solution  is  treated  with  caustic  soda  and  then  with  sodium 
sulphide,  digested  some  time  in  a  closed  flask,  and  filtered.  The 
molybdenum  remains  in  solution  as  its  sulpho  salt,  while  the  other 
metals  are  precipitated  as  sulphides.  After  filtering,  the  solution 
is  acidified  with  sulphuric  acid  and  heated  in  a  pressure-flask  until 
the  precipitate  has  settled  and  the  supernatant  hquid  appears  col- 
orless. After  allowing  to  cool,  the  molybdenum  sulphide  is  fil- 
tered off  and  converted  to  oxide,  as  described  on  p-  222,  a. 

(6)  From  Arsenic, 

The  solution,  which  must  contain  the  arsenic  as  arsenic  acid,  is 
treated  with  ammonia,  the  arsenic  precipitated  by  magnesia  mix- 
ture (see  p.  165)  and  filtered  off.  The  filtrate  is  acidified  with  sul- 
phuric acid  and  the  molybdenum  precipitated  as  sulphide  by  means 
of  hydrogen  sulphide. 

Separation  of  Molybdenum  from  Tungsten. 

(a)  The  Sulphuric  Add  Method, 

This  method,  proposed  by  M.  Ruegenberg  and  E.  F.  Smith,* 
depends  upon  the  fact  that  unignited  molybdic  acid  is  readily  dis- 

■  -   -  -  —I  -         ------  —    — .^ — 

♦  Jour.  Amer.  Chem.  Soc.,  22,  772. 
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solved  by  warming  with  sulphuric  acid  (sp.  gr.  1.378),  while  tung- 
stic  acid  is  not. 

W.  Hommel  tested  this  method  in  the  author's  laboratory,  and 
<;ould  not  obtain  good  results  except  by  digesting  the  moist  oxides 
with  concentrated  sulphuric  acid,  and  afterward  diluting  with  three 
times  as  much  water. 

Procedure. — (a)  Both  acids  are  present  in  a  moist,  freshly 
precipitated  state. 

The  mixture  is  covered  with  concentrated  sulphuric  acid  in  a 
porcelain  dish  and  heated  over  a  free  flame.  By  this  means,  usu- 
ally a  small  amoimt  of  the  tungstic  acid  is  oxidized  to  the  blue 
oxide,  so  that  the  yellow  precipitate  of  tungstic  acid  is  tinted  with 
green.  On  adding  one  or  two  drops  of  dilute  nitric  acid,  the  green 
color  disappears  and  the  tungstic  acid  is  of  a  pure  yellow  color. 
After  digesting  for  half  an  hour,  the  separation  is  complete. 
After  cooling,  the  liquid  is  diluted  with  three  times  its  volume  of 
water,  filtered,  washed  with  water  containing  sulphuric  acid,  then 
two  or  three  times  with  alcohol,  ignited  (after  burning  the  filter  by 
itself)  in  a  porcelain  crucible,  and  weighed  as  WO,. 

The  molybdenum  is  precipitated  from  the  filtrate  by  passing 
hydrogen  sulphide  into  the  sulphuric  acid  solution  in  a  pressure- 
flask,  and  the  precipitate  is  treated  as  described  on  p.  222. 

If  only  a  little  sulphuric  acid  is  used  for  the  separation,  the 
filtrate  from  the  tungstic  acid  can  be  evaporated  in  a  platinum 
dish,  the  sulphuric  acid  driven  off  for  the  most  part,  and  the  residue 
washed  into  a  weighed  platinum  crucible  with  ammonia,  and  then 
evaporated,  ignited,  and  weighed.  In  case  large  amounts  of  molyb- 
denum are  present,  however,  it  is  always  safer  to  precipitate  the 
molybdenum  as  sulphide. 

(/?)  Tungsten  and  Molybdenum    are  Present  in  the  Form  of  their 

Ignited  Oxides. 

These  ignited  oxides  cannot  be  separated  by  treatment  with 
sulphuric  acid.  According  to  W.  Hommel,  they  can  readily  be 
brought  into  solution  by  heating  for  half  an  hour  on  the  water-bath 
with  concentrated  ammonia  in  a  pressure-flask,  shaking  frequently. 

After  cooling,  the  contents  of  the  flask,  whether  dissolved  or 
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not,  are  washed  into  a  porcelain  dish,  evaporated  to  dryness,  and 
treated  as  described  under  (a). 

It  is  still  better  to  fuse  the  ignited  oxides  with  four  times  as 
much  sodium  carbonate,  and  treat  the  melt  as  described  under  (a). 

(6)  Sublimation  Method.* 

If  a  mixture  of  the  trioxides  of  timgsten  and  molybdenum, 
or  of  their  alkali  salts,  is  heated  at  250-270°  C.  in  a  current  of 
dry  hydrochloric  acid,  the  molybdenum  is  volatilized  completely 
as  M0O8.2HCI,  which  collects  on  the  cooler  parts  of  the  tube  as  a 
beautiful,  white,  woolly  sublimate,  while  the  tungsten  trioxide  re- 
mains behind  in  the  boat. 

Procedure, — ^The  oxides  of  the  two  elements,  or  their  sodium 
salts,  are  weighed  into  a  porcelain  boat,  and  the  latter  is  placed  in  a 
tube  made  of  difficultly  fusible  glass,  of  which  one  end  is  bent  verti- 
cally downward  and  is  connected  with  a  P61igot  tube  containing  a 
little  water.  The  horizontal  arm  of  the  tube  is  passed  through  a 
drying-oven  (to  serve  as  an  air-bath)  (see  Fig.  18,  p.  30),  and  is 
connected  with  apparatus  for  generating  hydrochloric  acid  gas. 
The  hydrochloric  acid  before  reaching  the  tube  is  slowly  passed 
through  a  flask  containing  concentrated  hydrochloric  acid,  and 
then  through  sulphuric  acid.  As  soon  as  the  temperature  has 
reached  about  200°  C.  the  sublimation  of  the  molybdenum  begins. 
Prom  time  to  time  the  sublimate  collecting  in  the  tube  is  driven 
toward  the  P61igot  tul^e  t  by  carefully  heating  with  a  free  flame,  so 
that  it  will  be  possible  to  see  whether  any  more  molybdenum  is  being 
volatilized.  After  heating  for  an  hour  and  one-half  or  two  hours, 
the  operation  is  usually  complete.  The  boat,  now  containing  tung- 
sten trioxide,  or  the  latter  with  sodium  chloride,  is  removed,  and  in 
case  only  the  former  is  present,  it  is  weighed  after  drying  in  a  desic- 
cator over  caustic  potash.  In  case,  however,  sodium  chloride  is 
present  (when  the  tungsten  was  originally  present  as  sodium  tung- 
state)  this  is  removed  by  treatment  with  water,  and  the  filtered 
WO3  is  weighed. 

*  Comptes  rendus,  114,  p.  173,  and  46,  p.  1101. 

t  By  the  absorption  of  the  M0O3.2HCI  in  the  water  of  the  P^ligot  tube, 
the  brick-red  acid  chloride,  MojO^Clg,  is  often  formed: 

3[MoO,.2HCl] + 2HC1  -  4H,0  -h  Mo,0»a,. 
This  substance  is  insoluble  in  hydrochloric  acid,  but  readily  soluble  in  nitric  acid 
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For  the  determination  of  the  molybdenum,  the  sublimate  in  the 
tube  is  washed  out  by  means  of  water  containing  a  little  nitric  acid, 
and  finally  the  nitric  acid  solution  of  the  entire  sublimate  is  care- 
fully evaporated  to  dryness  in  a  porcelain  dish.  The  residue  is 
dissolved  in  ammonia,  washed  into  a  porcelain  crucible,  evaporated 
to  dryness,  and  changed  to  the  oxide  by  gentle  ignition. 

(c)    The  Tartaric  Acid  Method  of  H,  Rose. 

The  alkali  salts  of  the  two  metals  are  dissolved  in  considerable 
tartaric  acid,  an  excess  of  sulphuric  acid  is  added,  and  the  molyb- 
denum precipitated  according  to  p.  222,  by  hydrogen  sulphide  in 
a  pressure-flask.  The  molybdenum  sulphide  is  filtered  off  and 
changed  by  roasting  in  the  air  to  the  trioxide.  For  the  determi- 
nation of  the  tungsten,  the  tartaric  acid  is  first  destroyed  by  re- 
peated evaporation  with  nitric  acid,  and  the  precipitated  tungstic 
acid  is  finally  filtered  off  and  changed  by  ignition  to  the  trioxide. 

Remark, — This  method  gives  correct  results,  but  is  not  so  satis- 
factory as  the  preceding  one  on  account  of  the  time  consumed  in 
removing  the  tartaric  acid. 

Separation  of  Molybdenum  from  Phosphoric  Acid. 

The  phosphoric  acid  is  precipitated  from  the  ammoniacal  solu- 
tion as  magnesium  ammonium  phosphate  (see  phosphoric  acid) 
and  the  molybdenum  is  precipitated  as  sulphide  from  the  filtrate 
(cf.  p.  222,  a). 

Tungsten,  Wo.    At.  Wt.  184.0. 

Tungsten  is  determined  as  its  trioxide,  WoO,. 

If  the  tungsten  is  present  as  ammonium  tungstate,  as  mercu- 
rous  tungstate,  or  as  tungstic  acid,  it  is  readily  changed  by  ignition 
in  the  air  to  yellow  tungsten  trioxide.  Since  the  trioxide  is  not 
volatile  there  is  no  loss  to  be  feared  during  its  ignition.  It  is  even 
advisable  to  heat  the  crucible  finally  over  a  good  Teclu  burner  or 
over  the  blast-lamp. 

If  the  tungsten  is  present  as  alkali  tungstate,  the  tungstic  acid 
may  be  precipitated  as  such,  or  by  means  of  mercurous  nitrate  as 
mercurous  tungstate;  by  ignition  the  yellow  trioxide  is  obtained 
and  weighed. 


23C  GRAyiMETRlC  ANALYSIS. 

until  the  iron  reaction  can  no  longer  be  obtained,  when  the  residue 
is  taken  up  in  ammonia  and  filtered;  in  this  way  the  tungstic  acid 
is  removed.  The  residue  is  usually  dark-colored  and  consists  of 
enclosed  mineral  as  well  as  silicic,  stannic,  niobic,  and  possibly 
tantalic  acids.  It  is  treated  with  aqua  regia  again,  water  is 
added,  and  the  filtered  residue  is  once  more  treated  with  ammonia. 
The  final  residue  is  now  free  from  tungsten;  it  is  ignited,  weighed, 
and  freed  from  silica  by  treatment  with  sulphuric  and  hydrofluoric 
acids.  The  residue  of  tin  dioxide  and  niobium  pentoxide  (and 
perhaps  tantalum  pentoxide)  is  placed  in  a  porcelain  boat  and 
ignited  in  a  current  of  hydrogen.  The  metallic  tin  is  extracted 
with  hydrochloric  acid,  and  the  residue,  consisting  of  Nb206(Ta205), 
is  weighed. 

Iron  alloys  rich  in  tungsten  are  acted  upon  only  slowly  by 
aqua  regia.  If,  however,  they  are  firat  roasted  in  the  air,  they  are 
comparatively  easily  brought  into  solution.* 

VakadiUM,  V.    At.  Wt.  51.2. 

Vanadiiun  is  determined  as  the  pentoxide,  VjOg. 

The  most  convenient  method  for  determining  vanadium  is  a 
volumetric  process,  aud  will  be  discussed  in  the  chapter  on  volu- 
metric  analysis. 

If  vanadium  is  present  as  ammonium  or  mercurous  vanadate, 
it  can  be  easily  changed  to  the  pentoxide  by  ignition;  the  latter 
is  a  reddish-brown  fusible  substance  which  solidifies  as  a  radiating, 
crystalline  mass.  If  vanadic  sulphide  is  carefully  roasted  in  the 
air,  it  is  also  changed  quantitatively  to  the  pentoxide. 

In  the  analysis  of  most  minerals  containing  vanadium,  the 
vanadium  is  separated  from  the  other  metals  present  by  fusing  with 
a  mixture  of  six  parts  sodium  carbonate  and  one  part  potassium 
nitrate.  After  cooling,  the  melt  is  extracted  with  water,  whereby 
the  sodium  vanadate  goes  into  solution  while  most  of  the  metals 
are  left  behind  in  the  form  of  oxides  or  carbonates.  If  phosphorus, 
arsenic  (molybdenum,  tungsten),  and  chromium  are  present, 
these  elements  also  dissolve  on  treating  the  melt  with  water  in 
the  form  of  the  sodium  salts  of  the  corresponding  acids. 

*  Preusser.    Zeit.  f.  anal.  Chem.  1889,  p.  173. 
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In  practice,  therefore,  the  vanadium  is  usually  met  with  as 
the  sodium  salt  of  vanadic  acid,  and  it  is  a  matter  of  separating  it 
from  the  aqueous  solution  obtained  after  fusing  with  sodium 
carbonate  and  potassium  nitrate,  and  of  separating  it  from  the 
other  acids  which  are  likely  to  accompany  it  (phosphoric,  arsenic, 
and  chromic  acids). 

Precipitation  of  Vanadic  Acid  from  the  Solution  of 

Sodium  Vanadate. 

There  are  two  good  methods  for  the  separation  of  vanadic 
acid  from  a  solution  of  an  alkali  vanadate:  the  Rose  method, 
according  to  which  the  vanadium  is  precipitated  as  mercurous 
vanadate,  and  that  of  Roscoe,  by  which  it  is  precipitated  as  lead 
vanadate.  The  Berzelius-Hauer  method  has  been  found  by 
Holverscheidt  to  give  always  too  high  results,  so  that  it  will  not 
be  described  here. 

1.  The  Mercurous  Nitrate  Method  of  Rose, 

The  alkaline  solution  is  nearly  neutralized  with  nitric  acid 
and  to  it  is  added,  drop  by  drop,  a  nearly  neutral  solution  of  mer- 
curous nitrate  *  until,  after  the  precipitate  has  settled,  a  further 
addition  of  the  reagent  causes  no  precipitation.  The  liquid  is  then 
heated  to  boiling,  the  gray-colored  precipitate  is  allowed  to  settle 
and  is  filtered  and  washed  with  water  to  which  a  few  drops  of 
mercurous  nitrate  solution  have  been  added.  The  precipitate  is 
dried,  ignited  under  a  good  hood,  and  the  residue  of  VjOj  is  weighed. 

Remark, — In  neutralizing  the  alkaline  solution  of  the  vanadate 
with  nitric  acid,  the  solution  must  on  no  account  be  made  acid, 
for  in  this  case  nitrous  acid  (from  the  nitrate  fusion)  will  be  set 
free  and  the  latter  reduces  some  of  the  vanadate  to  a  vanadyl 
salt  and  the  latter  is  not  precipitated  by  mercurous  nitrate.  In 
order  to  avoid  passing  over  the  neutral  point,  Hillebrand  recom- 
mends fusing  with  a  weighed  amount  of  sodium  carbonate  and 
adding  the  amount  of  nitric  acid  that  has  been  found  necessary 
by  a  blank  test  to  neutralize  this.    The  method  gives  good  results. 

*  The  mercurous  nitrate  used  should  leave  no  residue  on  being  ignited. 


230  GRAVIMETRIC  ANALYSIS. 

until  the  iron  reaction  can  no  longer  be  obtained,  when  the  residue 
is  taken  up  in  ammonia  and  filtered ;  in  this  way  the  tungstic  acid 
is  removed.  The  residue  is  usually  dark-colored  and  consists  of 
enclosed  mineral  as  well  as  silicic,  stannic,  niobic,  and  possibly 
tantalic  acids.  It  is  treated  with  aqua  regia  again,  water  is 
added,  and  the  filtered  residue  is  once  more  treated  with  ammonia. 
The  final  residue  is  now  free  from  tungsten;  it  is  ignited,  weighed, 
and  freed  from  silica  by  treatment  with  sulphuric  and  hydrofluoric 
acids.  The  residue  of  tin  dioxide  and  niobium  pentoxide  (and 
perhaps  tantalum  pentoxide)  is  placed  in  a  porcelain  boat  and 
ignited  in  a  current  of  hydrogen.  The  metallic  tin  is  extracted 
with  hydrochloric  acid,  and  the  residue,  consisting  of  NbjOgCTajOj), 
is  weighed. 

Iron  alloys  rich  in  timgsten  are  acted  upon  only  slowly  by 
aqua  regia.  If,  however,  they  are  first  roafisted  in  the  air,  they  are 
comparatively  easily  brought  into  solution.* 

VakadiUM,  V.    At.  Wt.  51.2. 

Vanadium  is  determined  as  the  pentoxide,  VjOj. 

The  most  convenient  method  for  determining  vanadium  is  a 
volumetric  process,  and  will  be  discussed  in  the  chapter  on  volu- 
metric analysis. 

If  vanadium  is  present  as  ammoniimi  or  mercurous  vanadate, 
it  can  be  easily  changed  to  the  pentoxide  by  ignition;  the  latter 
is  a  reddish-brown  fusible  substance  which  solidifies  as  a  radiating, 
crystalUne  mass.  If  vanadic  sulphide  is  carefully  roasted  in  the 
air,  it  is  also  changed  quantitatively  to  the  pentoxide. 

In  the  analysis  of  most  minerals  containing  vanadium,  the 
vanadium  is  separated  from  the  other  metals  present  by  fusing  with 
a  mixture  of  six  parts  sodium  carbonate  and  one  part  potassium 
nitrate.  After  cooling,  the  melt  is  extracted  with  water,  whereby 
the  sodium  vanadate  goes  into  solution  while  most  of  the  metals 
are  left  behind  in  the  form  of  oxides  or  carbonates.  If  phosphorus, 
arsenic  (molybdenum,  tungsten),  and.  chromium  are  present, 
these  elements  also  dissolve  on  treating  the  melt  with  water  in 
the  form  of  the  sodium  salts  of  the  corresponding  acids. 


*  Preusser.    Zeit.  f.  anal.  Chem.  1889,  p.  173. 
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In  practice,  therefore,  the  vanadium  is  usually  met  with  as 
the  sodium  salt  of  vanadic  acid,  and  it  is  a  matter  of  separating  it 
from  the  aqueous  solution  obtained  after  fusing  with  sodium 
carbonate  and  potassium  nitrate,  and  of  separating  it  from  the 
other  acids  which  are  likely  to  accompany  it  (phosphoric,  arsenic, 
and  chromic  acids). 

Precipitation  of  Vanadic  Acid  from  the  Solution  of 

Sodium  Vanadate. 

There  are  two  good  methods  for  the  separation  of  vanadic 
acid  from  a  solution  of  an  alkali  vanadate:  the  Rose  method, 
according  to  which  the  vanadium  is  precipitated  as  mercurous 
vanadate,  and  that  of  Roscoe,  by  which  it  is  precipitated  as  lead 
vanadate.  The  Berzelius-Hauer  method  has  been  found  by 
Holverscheidt  to  give  always  too  high  results,  so  that  it  will  not 
be  described  here. 

1.  The  Mercurous  Nitrate  Method  of  Rose. 

The  alkaline  solution  is  nearly  neutralized  with  nitric  acid 
and  to  it  is  added,  drop  by  drop,  a  nearly  neutral  solution  of  mer- 
curous nitrate  *  until,  after  the  precipitate  has  settled,  a  further 
addition  of  the  reagent  causes  no  precipitation.  The  liquid  is  then 
heated  to  boiling,  the  gray-colored  precipitate  is  allowed  to  settle 
and  is  filtered  and  washed  with  water  to  which  a  few  drops  of 
mercurous  nitrate  solution  have  been  added.  The  precipitate  is 
dried,  ignited  under  a  good  hood,  and  the  residue  of  VjOg  is  weighed. 

Remark. — In  neutralizing  the  alkaline  solution  of  the  vanadate 
with  nitric  acid,  the  solution  must  on  no  account  be  made  acid, 
for  in  this  case  nitrous  acid  (from  the  nitrate  fusion)  will  be  set 
free  and  the  latter  reduces  some  of  the  vanadate  to  a  vanadyl 
salt  and  the  latter  is  not  precipitated  by  mercurous  nitrate.  In 
order  to  avoid  passing  over  the  neutral  point,  Hillebrand  recom- 
mends fusing  with  a  weighed  amount  of  sodium  carbonate  and 
adding  the  amount  of  nitric  acid  that  has  been  found  necessary 
by  a  blank  test  to  neutralize  this.    The  method  gives  good  results. 

*  The  mercurous  nitrate  used  should  leave  no  residue  on  being  ignited. 
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2.  The  Lead  Acetate  Method  of  Roscoe* 

Principle. — If  a  solution  weakly  acid  with  acetic  acid  is  treated 
with  lead  acetate,  orange-yellow  lead  vanadate  is  quantitatively 
precipitated.  The  lead  vanadate,  however,  does  not  possess  a 
constant  composition,  so  that  the  amount  of  vanadium  present 
cannot  be  determined  by  weighing  the  precipitate.  After  being 
washed,  it  is  dissolved  in  as  little  nitric  acid  as  possible,  the  lead 
precipitated  as  lead  sulphate,  and  the  vanadium  determined  in 
the  filtrate  by  evaporating  the  latter,  driving  off  the  excess  of  sul- 
phuric acid,  and  weighing  the  residual  VjOj. 

Procedure, — ^The  solution  from  the  sodium  carbonate  and 
potassium  nitrate  fusion  is  nearly  neutralized  as  before  with  nitric 
acid,  an  excess  of  lead  acetate  solution  is  stirred  into  it,  when  the 
voluminous  precipitate  will  collect  together,  rapidly  settle  to  the 
bottom  of  the  beaker,  and  the  supernatant  liquid  will  appear 
absolutely  clear;  The  precipitate  is  at  first  orange-colored,  but  on 
standing  it  gradually  becomes  yellow  and  finally  perfectly  white. 
It  is  filtered  off,  washed  with  water  containing  acetic  acid  until 
half  a  cubic  centimeter  of  the  filtrate  will  leave  no  residue  on 
evaporation.  The  precipitate  is  now  washed  into  a  porcelain 
dish,  the  part  remaining  on  the  filter  is  dissolved  in  as  little  as 
possible  of  hot  dilute  nitric  acid,  and  the  solution  added  to  the 
main  part  of  the  precipitate,  to  which  enough  nitric  acid  is  added 
to  completely  dissolve  it.  An  excess  of  sulphuric  acid  is  added 
to  the  solution,  and  it  is  evaporated  on  the  water-bath  as  far  as 
possible,  finally  heating  over  the  free  flame  until  dense  fumes  of 
sulphuric  acid  are  evolved.  After  cooling,  from  50  to  100  c.c.  of 
water  are  added,  the  lead  sulphate  is  filtered  off  and  washed  with 
dilute  sulphuric  acid  until  1  c.c.  of  the  filtrate  will  show  no  yellow 
color  with  hydrogen  peroxide.  The  lead  sulphate  should  be 
white  and  free  from  vanadium ;  it  will  be  so  provided  enough  sul- 
phuric acid  was  used  and  the  mass  was  not  heated  until  absolutely 
dry  before  diluting  \iith  water.  The  filtrate  containing  all  the 
vanadic  acid  is  evaporated  in  a  porcelain  dish  to  a  small  volume, 
transferred  to  a  weighed  platinum  crucible,  evaporated  further 
on  the  water-bath,  and  finally  in  an  air-bath  until  all  the  sulphuric 

*  Joum.  t.  piukt.  Chemie,  Suppl.  8. 


yANADIUM.  233 

acid  is  removed.  The  open  crucible  is  then  ignited  for  some  time  ♦ 
at  a  faint-red  heat  and  its  contents  finally  weighed  as  V2O5. 
•  Remark, — ^Instead  of  decomposing  the  lead  vanadate  by  means 
of  sulphuric  acid,  Holverscheidt  reconmiends  precipitating  the  lead 
as  sulphide  by  means  of  hydrogen  sulphide  and  determining  the 
vanadium,  in  the  filtrate.  For  this  purpose  the  blue-colored  filtrate 
from  the  lead  sulphide  precipitate  (which  contains  some  vanadyl 
salt)  is  boiled  to  expel  the  excess  of  hydrbgen  sulphide  and  the 
deposited  sulphur  is  filtered  off.  A  few  drops  of  nitric  acid  are 
added,  the  solution  evaporated  to  dryness,  and  the  reddish-yellow 
hydrate  of  vanadic  acid  is  changed  by  gentle  ignition  into  the 
pentoxide  of  vanadium. 

Lead  may  also  be  separated  from  the  vanadic  acid  as  lead 
chloride.  In  this  case  the  procedure  recommended  in  the  analysis 
of  vanadinite  (p.  235)  is  followed. 

The  separation  of  vanadium  as  the  sulphide  by  acidifying  a 
solution  of  an  alkali  vanadate  that  has  been  treated  with  an  excess 
of  anmionium  sulphide  is  not  admissible,  for  only  a  part  of  the 
vanadium  is  precipitated  as  the  brown  sulphide,  the  rest  remaining 
in  solution  in  the  form  of  vanadyl  salt.  H.  Rose  called  the  attention 
of  chemists  to  the  inaccuracy  of  this  method,  but  this  has  not  pre- 
vented its  being  recommended  in  some  of  the  most  recent  works 
on  analytical  chemistry.  The  author  has  careftilly  tested  the 
method  before  coming  to  this  decision. 

Separation  of  Vanadium  from  Arsenic  Acid. 

Most  minerals  containing  vanadium  also  contain  arsenic, 
and  after  extracting  the  melt,  obtained  by  fusion  with  sodium 
carbonate  and  nitre,  with  waJter,  both  elements  go  into  solution. 
For  their  separation,  the  solution  is  acidified  with  dilute  sulphuric 
acid  and  sulphur  dioxide  is  passed  into  the  hot  liquid,  whereby  the 
vanadic  acid  is  reduced  to  vanadyl  salt  and  the  arsenic  to  arsenious 
acid.  After  boiling  to  remove  the  excess  of  sulphur  dioxide,  the 
solution  is  saturated  with  hydrogen  sulphide  and  the  precipitate 
of  arsenic  trisulphide  is  filtered  off.    The  filtrate  is  freed  from 

*  On  expelling  the  sulphuric  acid,  there  is  finally  formed  some  green  and 
brown  crystals  of  a  compound  of  vanadic  acid  with  sulphuric  acid;  these  are 
decomposed  only  at  a  faint-red  heat. 
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hydrogen  sulphide  by  boilmg,  evaporated  with  nitric  acid  in  order 
to  form  vanadic  acid  again,  the  solution  is  then  made  alkaline  with 
sodium  carbonate^  and  the  vanadium  determined  by  one  of  the 
above  methods. 

Separation  of  Vanadium  from  Phosphoric  Acid. 

If  the  solution  of  the  soda-nitre  fusion  contains  phosphoric  as 
well  as  vanadic  acid,  both  are  precipitated  by  mercurous  nitrate, 
the  precipitate  washed  with  dilute  mercurous  nitrate  solution  and 
weighed.  In  this  way  the  sum  of  the  V2O5+P2O5  is  obtained. 
When  P2O5  is  present  the  VjOg  does  not  melt,  but  only  sinters 
together.  The  ignited  oxides  are  fused  with  an  equal  weight  of 
sodium  carbonate,  the  melt  is  dissolved  in  water,  the  solution  made 
acid  with  sulphuric  acid  and  boiled  with  sulphurous  acid  in  order 
to  reduce  the  vanadic  acid  to  vanadyl  sulphate;  the  latter  will  be 
recognized  by  the  pure  blue  color  which  the  solution  assumes. 
Carbon  dioxide  is  passed  into  the  boiling  solution  until  the 
excess  of  sulphurous  acid  is  removed,  when  it  is  allowed  to 
cool.  To  the  cold  solution,  now  about  100  c.c.  in  volume,  20  c.c. 
of  a  75  per  cent,  solution  of  ammonium  nitrate  and  50  c.c.  of 
ammonium  molybdate  solution  are  added  (cf.  Remark,  below),  the 
solution  is  warmed  to  about  60®  C,  set  aside  and  allowed  to  stand 
for  one  hour.  The  clear  liquid  is  then  decanted  through  a  filter, 
washed  three  times  by  decantation  with  50  c.c.  of  the  proper  wash 
liquid  (see  p.  346),  after  which  the  precipitate  is  dissolved  by 
passing  10  c.c.  of  8  per  cent,  ammonia  through  the  filter  into  the 
the  beaker  containing  the  bulk  of  the  precipitate  and  the  filter 
is  finally  washed  with  30  c.c.  of  water.  To  this  solution  20  c.c.  of 
a  34  per  cent,  ammonium  nitrate  solution  and  1  c.c.  more  of  ammo- 
nium molybdate  are  added,  the  solution  heated  until  it  begins  to 
boil,  and  the  phosphoric  acid  reprecipitated  by  the  addition  of 
20  c.c.  of  hot  25  per  cent,  nitric  acid.  The  phosphoric  acid  is 
determined  by  the  method  of  Woy  (page  348).  The  amoimt  of 
phosphoric  acid  found  is  deducted  from  the  sum  of  the  oxides  and 
the  difference  gives  the  amount  of  VjO^. 

Remark. — A.  Gressly  tested  this  method  in  the  author's  labora- 
tory and  made  the  interesting  observation  that  if  about  0  15  gm. 
of  VjOg  was  present  with  0.1  gm.  P2O5,  no  trace  of  the  latter  could 
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be  detected  according  to  the  procedure  of  Woy,  not  even  on 
boiling  the  solution.  On  the  other  hand,  an  inunediate  precipita- 
tion was  produced  if  a  stronger  solution  of  ammonium  molybdate 
were  used  (75  gms.  of  ammonium  molybdate  dissolved  in  500  c.c. 
of  water)  and  this  solution  poured  into  500  c.c.  of  nitric  acid. 

The  above-described  separation  gives  correct  results  only  when 
the  vanadium  is  present  as  vanadyl  sulphate;  if  vanadic  acid  is 
present  it  is  precipitated  with  the  phosphoric  acid.  If  the  solu- 
tion is  allowed  to  stand  after  the  addition  o!  the  ammonium  molyb- 
date, the  vanadyl  sulphate  is  gradually  oxidized  to  vanadic  acid; 
the  precipitate  therefore  should  not  be  allowed  to  stand  long 
before  filtering. 

Separation  of  Vanadium  from  Molybdenum. 

The  solution  containing  the  alkali  salts  of  the  two  acids  is 
acidified  with  sulphuric  acid  and  the  molybdenum  precipitated 
in  a  pressure-flask  by  means  of  hydrogen  sulphide,  and  the  pre- 
cipitate filtered  off  through  a  Gooch  crucible,  as  described  on 
pp.  221  and  222),  and  weighed  as  MoO,.  After  removing  the  excess 
of  hydrogen  sulphide  from  the  filtrate,  the  vanadium  is  oxidized 
with  nitric  acid  and  determined  as  described  under  the  Separation  of 
Vanadium  from  Arsenic  Acid,  p.  233. 

Analysis  of  Vanadinite,  (Pb^i  V04)3C1). 

Besides  lead,  vanadic  acid,  and  chlorine,  the  mineral  often  con- 
tains arsenic  and  phosphoric  acids. 

Determinaiion  of  Chlorine. 

About  1  gm.  of  the  finely  powdered  mineral  is  dissolved  in 
dilute  nitric  acid  (in  order  to  avoid  loss  of  chlorine  the  solution  is 
kept  cold),  and.  the  solution  is  diluted  with  considerable  water. 
The  chlorine  is  precipitated  with  silver  nitrate  and  the  weight  of 
the  silver  chloride  determined  as  described  on  p.  240. 

Determination  of  Lead. 

The  filtrate  from  the  silver  chloride  is  treated  with  hydrochloric 
acid  in  order  to  precipitate  the  excess  of  silver,  and  the  solu- 
tion thus  freed  from  silver  is  evaporated  to  dryness  to  remove  the 
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nitric  acid.  The  dry  mass  is  moistened  with  hydrochloric  acid, 
95  per  cent,  alcohol  is  added  in  order  to  precipitate  completely  the 
lead  chloride,  and  the  latter  is  filtered  through  a  Gooch  crucible, 
washed  with  alcohol,  dried  at  110°  C.  and  weighed  as  PbCl,. 

Determination  of  Vanadium,  Phosphoric  Add,  and  Arsenic, 

The  filtrate  from  the  lead  chloride  contains  the  vanadium 
as  vanadyl  salt.  The  alcohol  is  driven  off  by  careful  heating 
on  the  water-bath,  nitric  acid  is  added  to  the  solution,  and 
tlie  latter  is  repeatedly  evaporated  in  order  to  oxidize  the  blue 
vanadyl  salt  to  brown  vanadium  pentoxide.  The  dry  mass  is 
washed  by  means  of  as  little  water  as  possible  into  a  weighed  plati- 
num crucible,  the  residue  adhering  to  the  sides  of  the  dish  is  dis- 
solved in  a  little  ammonia  and  added  to  it.  The  crucible  is  then 
heated,  at  first  gradually  to  expel  the  ammonia,  and  afterward 
more  strongly  with  ready  access  of  air  (uncovered  crucible)  imtil 
the  reduced,  dark-colored  oxide  is  changed  over  to  the  brownish- 
red  pentoxide.  The  temperature  is  then  raised  until  the  vanadium 
oxide  begins  to  melt.  If  phosphoric  acid  is  present,  its  anhydride 
is  weighed  with  the  vanadium  and  the  amount  of  PjOj  is  deter- 
mined as  described  on  p.  234;  this  amoimt  is  deducted  from  the 
weight  of  the  two  oxides. 

The  determination  of  arsenic  is  best  carried  out  in  a  separate 
portion.  For  this  purpose  the  mineral  is  dissolved  in  hot  nitric 
acid,  the  greater  part  of  the  excess  of  the  acid  is  removed  by 
evaporation,  the  solution  is  diluted  with  water,  and  the  lead 
precipitated  by  the  addition  of  sulphuric  acid.  From  the  filtrate, 
the  last  portions  of  lead  and  arsenic  are  precipitated  by  hydro- 
gen sulphide,  after  previous  reduction  with  sulphurous  acid. 
The  filtered  precipitate  is  digested  with  sodium  sulphide  and  the 
arsenic  precipitated  from  the  solution  thus  obtained  by  the  addi- 
tion of  hydrochloric  acid.  The  arsenic  sulphide  is  then  changed  to 
arsenic  acid,  preferably  by  dissolving  in  ammoniacal  hydrogen 
peroxide,  and  is  precipitated  as  magnesium  ammonium  arsenate 
and  determined  according  to  p.  165. 
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Determination  of  Vanadium  and  Chromium  in  Iron  Ores 

and  Rocks. 

Method  of  W.  F.  HiUebrand* 

As  vanadium  often  occurs  in  many  ores  of  iron  and  in  rocks, 
although  in  very  small  amounts,  it  is  often  of  interest  and  of  im- 
portance to  be  able  to  determine  it  in  such  cases.  For  this  purpose 
it  is  best  to  proceed  as  follows: 

Five  gms.  of  the  finely  powdered  mineral  are  mixed  with  20  gms. 
sodium  carbonate  and  3  gms.  potassium  nitrate  and  fused  over  the 
blast-lamp.  The  green  fusion  (containing  manganese)  is  extracted 
with  water,  a  few  drops  of  alcohol  are  added  to  reduce  the  man- 
ganese, and  the  residue  is  filtered  off.t 

The  aqueous  solution  contains  sodium  vanadate  and  often  phos- 
phate, chromate,  molybdate,  aluminate,  and  considerable  silicate  as 
well.  First  of  all,  the  aluminium  and  the  greater  part  of  the  silicic 
acid  are  removed  by  nearly  neutralizing  the  alkaline  solution  with 
nitric  acid.  J  It  is  very  important  that  the  solution  is  not  made 
acid  at  this  point  on  account  of  the  reducing  action  of  the  nitrous 
acid  set  free  from  the  nitrite  formed  during  the  fusion.  The 
almost  neutral  solution  is  evaporated  nearly  to  dr3mess,  taken  up 
in  water,  and  filtered.§ 

The  cold  alkaline  solution  is  now  treated  with  an  almost  neutral 
fiolu;tion  of  mercurous  nitrate  until  no  further  precipitation  takes 
place.  The  somewhat  voluminous  precipitate  contains,  besides 
mercurous  carbonate,  also  its  chromate,  vanadate,  molybdate, » 
arsenate,  and  phosphate,  if  the  corresponding  elements  are  present 
in  the  mineral.  If  the  precipitate  is  too  bulky,  a  little  nitric  acid 
is  cautiously  added,  and  then  a  drop  of  mercurous  nitrate  in 
order  to  see  if  the  precipitation  is  complete. 

The  liquid  is  heated  to  boiling,  filtered,  the  precipitate  washed 

_  —  —  —  —     ■    -■  > — 

*  Amer.  Joum.  Science,  [4]  VI,  p.  209,  and  Chem.  News,  78,  216. 

t  If  considerable  vanadium  is  present,  the  insoluble  residue  always  con- 
tains vanadium  and  must  be  fused  with  soda-nitre  again. 

X  The  amount  of  nitric  acid  necessary  to  neutralize  20  gms.  of  soda  is 
determined  by  a  blank  test. 

§  The  residue  of  aluminium  hydroxide  and  silicic  acid  almost  never  con- 
tains vanadium,  but  contains  chromium.  If  it  is  desired  to  determine  the 
latter,  the  residue  is  evaporated  to  dryness  with  hydrofluoric  and  sulphuric 
acids,  the  dry  mass  is  fused  with  soda  and  nitre  again,  and  the  aqueous  solu- 
tion of  the  melt  added  to  the  main  solution. 
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with  water  containiiig  ammonium  nitrate^  dried,  and  ignited  in  a 
platinum  crucible  at  as  low  a  temperature  as  possible.  The  ignited 
residue  is  fused  with  a  little  sodium  carbonate,  the  melt  extracted 
with  water  and,  if  yellow-colored,  it  is  filtered  into  a  25-c.c.  flask 
and  the  amount  of  chromium  determined  colorimetrically  by  com- 
paring its  color  with  a  carefully  prepared  solution  of  potassium 
chromate. 

The  solution  is  then  sUghtly  acidified  with  sulphuric  acid,  and 
the  molybdenum,  arsenic,  and  traces  of  platinum  precipitated  by 
hydrogen  sulphide  in  a  pressure-flask.  The  precipitated  sulphides 
are  filtered  off,  the  filter  together  with  the  precipitate  is  carefully 
ignited  in  a  porcelain  crucible,  a  few  drops  of  sulphuric  acid  are 
added  and  the  crucible  heated  again  until  the  acid  is  almost  com- 
pletely removed.  On  cooling  the  mass  is  colored  a  beautiful  blue  if 
molybdenum  is  present. 

The  filtrate  from  the  above  precipitate  is  freed  from  the  ex- 
cess of  the  hydrogen  sulphide  by  boiling  and  passing  a  stream  of 
carbon   dioxide  through  it,  and  the  hot  solution  is  then  titrated 

N 
to  a  pink  color  with  r^r^r  potassium  permanganate  solution  (cf .  VoL 

Anal.).  In  order  to  obtain  absolutely  accurate  results,  the  solu- 
tion is  now  reduced  by  means  of  sulphur  dioxide  and  the  titration 
repeated.  The  mean  of  the  two  experiments  gives  the  vanadium 
value. 

This  method  gives  correct  results  only  when  the  amount  of  chro- 
mium present  is  very  small,  which  is  true  in  the  majority  of  cases. 

In  case  more  than  5  mgm.  of  chromium  are  present  a  correction 
must  be  made,  for  a  measurable  amount  of  permanganate  is 
used  up  in  oxidizing  the  chromium.  This  is  determined  by  tak- 
ing a  solution  containing  the  same  amount  of  chromate  as  the 
analyzed  solution,  reducing  it  with  sulphurous  acid,  and  titrat- 
ing with  permanganate.  The  amoimt  of  permanganate  now  used 
must  be  subtracted  from  the  amount  used  in  the  analysis,  and  from 
the  difference  the  amount  of  vanadium  present  is  calculated. 

Determination  of  Vanadium  and  Chromium  in  Pig  Iron. 

From  5  to  10  gms.  of  the  iron  are  dissolved  in  dilute  hydro- 
chloric acid  in  a  flask,  meanwhile  passing  a  current  of  carbon  diox- 
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ide  through  the  liquid.  For  each  gram  of  iron  taken,  5  c.c.  of 
hydrochloric  acid,  sp.  gr.  1.12  and  10  c.c.  of  water  are  used.  The 
solution  is  hastened  by  warming,  finally  boiling  it  imtil  there  is  no 
more  evolution  of  gas.  It  is  now  diluted  with  an  equal  volume  of 
water,  allowed  to  cool,  and,  without  filtering  off  the  sUght  residue, 
an  excess  of  barium  carbonate  is  added  and  the  mixture  allowed  to 
stand  for  twenty-four  hours  with  frequent  shaking.  The  residue 
is  filtered  off,  rapidly  washed  with  cold  water,  dried  and  ignited  in 
a  platinum  crucible  in  order  to  bum  off  the  carbon.  Five  parts  of 
sodium  carbonate  and  one  part  of  nitre  are  then  added  to  the  con- 
tents of  the  crucible  and  the  mixture  is  heated  to  quiet  fusion. 

The  fusion  is  leached  with  water  and  the  solution  thus  obtained 
contains  all  the  chromium  as  chromate,  and  the  vanadium  as  vana- 
date in  the  presence  of  alkali  silicate  and  phosphate.  The  aque- 
ous solution  is  now  nearly  neutralized  with  nitric  acid,  being  care- 
ful not  to  make  the  solution  acid  as*  the  nitrous  acid  set  free  will 
reduce  some  of  the  vanadium  and  chromium.  The  barely  alkaline 
solution  is  then  treated  with  an  almost  neutral  solution  of  mercu- 
rous  nitrate  until  no  further  precipitation  takes  place,  the  liquid  is 
heated  to  boiling,  filtered  and  washed  with  water  containing  a  little 
mercurous  nitrate.  After  drying,  as  much  of  the  precipitate  as 
possible  is  transferred  to  a  platinum  crucible,  the  filter  burned  by 
itself  and  its  ash  addedto  the  main  portion  of  the  precipitate,  which 
is  ignited  to  remove  the  mercury.  The  residue  is  fused  with  a  little 
sodium  carbonate,  the  melt  extracted  with  water,  and  the  solution 
filtered.  In  case  the  filtrate  is  colored  yellow,  the  amount  of 
chromium  present  is  determined  colorimetrically  *  by  placing  the 
solution  in  a  graduated  cylinder  and  comparing  its  color  with  a  potas- 
sium-chromate  solution  containing  a  known  amount  of  chromium. 
The  solution  is  then  acidified  with  sulphuric  acid  and  hydrogen 
sulphide  is  conducted  into  the  boiling  solution  to  precipitate  arse- 
nic and  platinum.    After  filtering,  the  hydrogen  sulphide  is  re- 


*  The  colorimetric  determination  is  only  suitable  when  small  amounts  are 
present.  When  considerable  chromium  is  present  (chrome  steel)  the  results 
obtained  by  the  colorimetric  determination  may  be  as  much  as  2  per  cent,  too 
high.  In  such  cases  the  chromic  acid  is  titrated  with  ferrous  sulphate  (see 
Vol.  Anal.). 
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moved  and  the  hot  solution  titrated  with  rrrpr-  potassium  perman- 

lUU 

ganate  solution  (cf.  Volumetric  Analysis). 

METALS  OF  GROUP  I. 

SILVER,  LEAD,  MERCUROUS  MERCURY   (AND   THALLIUM). 

The  determination  of  lead  and  mercury  has  already  been 
considered;  it  remains  for  us  to  discuss  the  determination  of  silver. 

SILVER,  Ag.    At.  Wt.  107.93. 

Forms:  AgCl  and  Ag. 

Determination  as  Silver  Chloride,  Ag.Cl. 

The  solution,  slightly  acid  with  nitric  acid,  is  heated  to  boiling 
and  the  silver  precipitated  by  the  addition  of  hydrochloric  acid, 
drop  by  drop,  until  no  more  precipitate  is  formed.  The  precipitate 
is  allowed  to  settle  in  a  dark  place,  filtered  through  a  Gooch  cruci- 
ble and  washed,  first  with  yrater  containing  a  little  nitric  acid  until 
the  chloride  test  can  no  longer  be  obtained,  then  twice  with  alcohol 
or  water  in  order  to  remove  the  nitric  acid.  The  precipitate  is 
dried  first  at  100°  C.  and  finally  at  130°  C.  till  a  constant  weight  is 
obtained.  If  it  is  not  desired  to  use  a  Gooch  crucible  for  this 
determination,  the  silver  chloride  can  be  filtered  upon  an  ordinary 
washed  filter,  washed  as  before  and  dried  at  100°  C.  As  much 
of  the  precipitate  as  possible  is  transferred  to  a  weighed  porcelain 
crucible,  the  filter  burned  (as  described  on  page  19)  in  a  platinum 
spiral  whereby  some  of  the  silver  chloride  adhering  to  it  will  be 
reduced  to  metal.  The  ash  of  the  filter  is  added  to  the  main  por- 
tion of  the  precipitate.  It  is  moistened  with  a  little  nitric  acid  and  a 
drop  or  two  of  concentrated  hydrochloric  acid,  dried  on  the  water- 
bath  and  then  heated  over  a  free  flame  until  the  silver  chloride 
begins  to  melt.    After  cooling  in  a  desiccator  it  is  weighed. 

Determination  as  Metal,  Ag. 

Metallic  silver  is  obtained  by  the  ignition  of  silver  oxide,  car- 
bonate, cyanide  or  the  salt  of  an  organic  acid.  In  the  latter  case, 
the  substance  must  be  heated  very  cautiously  at  first  in  a  covered 
crucible.  When  the  organic  substance  is  completely  charred, 
the  cover  is  removed  from  the  crucible  and  the  contents  is  ignited 
until  the  carbon  is  completely  burned,  and  then  weighed. 


SILVER.  241 

Prom  the  cMoride,  bromide  (but  not  the  iodide)  and  sulphide, 
the  metal  may  be  obtained  by  igniting  in  a  current  of  hydrogen. 
The  reduction  of  the  chloride,  bromide,  and  iodide  may  eb  efifect- 
-ed  very  conveniently  by  passing  the  electric  current  through 
the  substance  after  it  has  been  melted  together.  The  porcelain 
crucible  containing  the  silver  halide  is  placed  in  a  crystallizing 
<iish  and  near  it  is  placed  a  second  crucible  containing  a  little 
mercury  and  a  small  piece  of  zinc.  Upon  the  silver  salt  is  placed 
a  small  disk  of  platinum  foil,  which  is  fastened  to  a  platinum  wire; 
the  other  end  of  the  wire  dips  in  the  mercury  in  the  other  crucible. 
The  crystallizing  dish  is  filled  with  dilute  sulphuric  acid  (1:20) 
so  that  the  crucible  is  entirely  covered  with  the  acid  and  it  is  then 
-allowed  to  stand  over  night.  Next  morning  all  of  the  silver  salt 
will  be  found  to  be  reduced.  The  crucible  is  removed  from  the 
acid,  washed  with  water,  dried,  ignited,  and  weighed.  By  this 
simple  method,  E.  Lagutt  obtained  excellent  results.  If  the 
silver  halide  has  not  been  fused  to  a  compact  mass  small  particles 
of  the  silver  precipitate  are  likely  to  float  around  during  the  opera- 
tion, and  escape  reduction. 

Silver  can  also  be  deposited  electrolytically,  but  this  method 
will  not  be  described  in  this  book,  for  it  offers  no  particular  advan* 
tages  over  the  determination  as  silver  chloride  with  a  Gooch  cm* 
^ble. 

Separation  of  Silver  from  Other  Metals. 

As  almost  all  metal  chlorides  are  soluble  in  dilute  hydrochloric 
acid,  silver  is  separated  from  the  other  metals  by  the  addition  of 
hydrochloric  acid  to  the  solution.  If  the  solution  contains  mer- 
€urous  salts  these  are  oxidized  before  the  addition  of  the  hydro- 
chloric acid  by  boiling  with  nitric  acid. 

For  the  separation  of  silver  from  gold  and  platinum  in  alloys 
<!on8ult  pages  197  and  208. 
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METALLOIDS   (ANIONS). 

GROUP  I. 

HYDROCHLORIC,  HYDROBROMIC,  HYDRIODIC,  HYDROCYANIC 
HYDROFERROCYANIC,  HYDROFERRICYANIC,  SULPHOCY- 
ANIC,  AND  HYPOCHLOROUS   ACIDS. 

HYDROCHLORIC  ACID,  HQ.     Mol.  Wt.  36.46. 

Form:  Silver  Chloride,  AgCL 

We  can  distinguish  between  two  cases: 

A.  The  chloride  solution  is  present  either  as  free  hydrochloric 
acid  or  as  a  chloride  soluble  in  water. 

B;  It  is  present  in  the  form  of  an  insoluble  chloride. 

A.  The  Chloride  is  Present  in  Aqueous  Solution. 

If  only  metals  of  the  alkali  or  alkaline  earth  groups  are  present^ 
the  cold  solution  is  made  slightly  acid  with  nitric  acid,  and  silver 
nitrate  is  slowly  added  with  constant  stirring  until  the  precipitate 
collects  together  and  further  addition  of  the  reagent  produces  no 
more  precipitation.  The  liquid  is  now  heated  to  boiling,  the  pre- 
cipitate allowed  to  settle  in  the  dark,  filtered  through  a  Gooch 
crucible  and  then  treated  exactly  as  described  in  the  determina- 
tion of  silver,  page  240. 

If  the  aqueous  solution  contains  a  chloride  of  a  heavy  metal, 
it  is  not  always  possible  to  follow  the  above  procedure.  If,  for 
example,  substances  are  present  which  on  boiling  are  changed  to 
insoluble  basic  salts^  it  is  evident  that  the  precipitate  of  silver  chlo- 
ride would  be  contaminated  with  these  substances  and  too  high 
results  would  be  obtained.    This  is  particularly  true  of  stannic 

and  ferric  salts.    Ferrous  salts,  on  the  other  hand,  in  case  only  little 
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nitric  acid  is  present,  reduce  silver  nitrate  to  metallic  silver  on 
heating  the  solution;  if  enough  nitric  acid  is  present  to  prevent 
the  reduction  to  silver,  the  danger  of  forming  basic  salts  still 
remains  to  be  feared.  In  such  cases  the  precipitation  is  effected 
as  before  from  a  cold  solution  and  the  subsequent  heating  is 
omitted. 

In  all  cases,  however,  it  is  better  to  first  remove  the  heavy 
metal  by  precipitation  with  ammonia,  caustic  soda  or  sodium 
carbonate. 

Example :  Analysis  of  Commercial  Tin  Chloride. 

Tin  chloride  is  obtained  either  as  a  solid  salt  corresponding 
to  the  formula  SnCli-j-SHjO,  or  as  a  concentrated  aqueous  solu- 
tion. 

As  both  the  solid  salt  and  its  concentrated  solution  are  very 
hygroscopic,  it  is  necessary  to  weigh  out  the  portion  for  analysis 
from  a  stoppered  vessel.     It  is  best  to  proceed  as  follows: 

A  large  sample  of  the  substance  (about  10  gm.)  is  placed  in  a 
tared  weighing  beaker,  closed  and  weighed.  About  10  c.c.  of  water 
are  added,  the  salt  is  completely  dissolved  to  a  homogeneous 
sjrrup  by  shaking,  and  the  beaker  is  again  weighed.  Foiu"  more 
weighing  beakers  are  now  tared  and  into  each  is  placed  about 
2  c.c.  of  the  syrup.  Each  beaker  is  quickly  stoppered  and  then 
weighed. 

Determination  of  Tin. — ^The  contents  of  one  of  the  weighing 
beakers  is  washed  into  a  400-500-c.c.  beaker,  diluted  to  about 
300  c.c.  and  a  few  drops  of  methyl  orange  are  added,  whereby  the 
liquid  is  colored  red.  Ammonia  solution  (free  from  chloride)  is 
now  added  until  the  color  of  the  solution  is  changed  to  yellow  (an 
excess  of  ammonia  must  be  carefully  avoided  for  tin  hydrox- 
ide is  somewhat  soluble  in  ammonia).  The  solution  is  then  treated 
with  ammonium  nitrate  (5  c.c.  of  concentrated  ammonia  exactly 
neutralized  with  nitric  acid,  sp.  gr.  1.2),  boiled  for  one  or  two  min- 
utes, filtered,  and  washed  with  water  containing  ammonium  nitrate, 
and  weighed  as  SnO,. 

Determination  of  Chlorine. — The  filtrate  from  the  tin  hydroxide 
precipitate  is  acidified  with  nitric  acid,  and  precipitated  in  the  cold 
with  silver  nitrate.     The  solution  is  then  heated  to  boiling  and, 
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after  the  precipitate  has  settled,  it  is  filtered  through  a  Gooch 
crucible,  washed  with  cold  water  containing  a  little  nitric  acid^ 
then  with  cold  water  or  alcohol,  dried  at  130®  C,  and  weighed. 
The  amount  of  tin  and  chlorine  present  is  computed  as  follows: 

Weight  of  SoUd  Salt=  A. 

Weight  of  the  Solid  Salt+Water=5. 

Weight  of  the  Solution  taken  for  Analysis=a. 

Weight  of  the  SnOj  found  =  p. 

Weight  of  the  AgCl  found=  p'. 

Since  B  gm.  of  the  solution  contain  A  gm.  of  the  solid  salt, 
then  the  amount  a  of  the  solution  taken  for  analysis  will  contain: 

B:A^a:x 
x=  -^  =  wt.  of  substance  taken. 

This  amount  of  substance  yielded  p  gm.  SnO„  corresponding 
to: 

SnOj:Sn=p:x' 
Sn-p 


x'= 


SnO, 


and  in  percentage: 


B    SnO,     ^^-^ 
^,^100Sn.p:^^      ^^ 

In  the  same  way  the  amount  of  chlorine  present  is  found  to  be: 

lOOCl  P'B 

This  analysis  may  be  accomplished  much  more  rapidly  by  a 
volumetric  process.     (Consult  Vol.  Anal.) 

If  antimony  or  stannous  compoimds  are  present,  the  above 
procedure  cannot  be  used.  It  has  been  proposed  to  add  tartaric 
acid  to  the  solution,  then  dilute  with  water  and  precipitate  the 
chlorine  with  silver  nitrate.  It  is  better,  however,  to  proceed  as 
follows:  The  antimony  is  precipitated  by  hydrogen  sulphide  as  its 
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sulphide,  the  excess  of  the  latter  is  removed  by  passing  carbon 
dioxide  through  the  solution,  after  which  the  precipitate  is  filtered 
and  washed.  The  filtrate  containing  all  the  chlorine  is  made 
slightly  ammoniacal,  a  little  hydrogen  peroxide  or  potassium  per- 
carbonate  is  added  (both  reagents  must  be  free  from  chloride)  and 
the  solution  boiled  until  the  excess  of  the  peroxide  is  destroyed. 
By  this  treatment  traces  of  hydrogen  sulphide  remaining  in  the 
solution  are  oxidized  to  sulphuric  acid.  After  cooling,  the  solu- 
tion is  acidified  with  nitric  acid,  and  the  chlorine  determined  as 
silver  chloride  as  described  above. 

According  to  this  method,  chlorine  may  be  determined  in  the 
presence  of  large  amounts  of  hydrogen  sulphide  without  diflficulty. 

It  is  less  practical  to  proceed  as  follows:  The  solution  is  satu- 
rate with  ammonia  and  the  hydrogen  sulphide  is  precipitated  by 
the  addition  of  ammoniacal  silver  nitrate  solution,  the  deposited 
silver  sulphide  is  filtered  off,  washed  with  ammonia,  and  the  silver 
chloride  precipitated  from  the  filtrate  by  acidifying  with  nitric 
acid. 

B.  Analysis  of  an  Insoluble  Chloride. 

The  substance  is  boiled  with  sodium  carbonate  solution  *  (free 
from  chloride),  and  the  chlorine  determined  in  the  filtrate  as  before. 

Many  chlorides,  e.g.  silver  chloride,  many  minerals  such  as 
apatite,t  sodalite,  and  rocks  containing  the  latter,  are  not  decom- 
posed by  boiling  them  with  sodium  carbonate.  In  such  cases,  the 
substance  must  be  fused  with  sodium  carbonate. 

Silver  chloride  should  be  mixed  with  three  times  as  much 
sodium  carbonate  and  heated  in  a  porcelain  crucible  until  the 
mass  has  sintered  together.  The  mass  is  treated  with  water,  the 
insoluble  silver  filtered  off,  and  the  chlorine  determined  in  the  fil- 
trate as  under  (a). 

For  the  determination  of  chlorine  in  rocks,  1  gm.  of  the  finely- 

♦  Mercurous  chloride  is  decomposed  only  slowly  by  sodium  carbonate 
solution,  but  readily  acted  upon  by  potassium  or  sodium  hydroxide. 

t  According  to  Jannasch,  chlorine  in  apatite  may  be  determined  by  treat- 
ing the  finely  powdered  mineral  with  nitric  acid  and  silver  nitrate  on  the 
water-bath.  Everything  goes  into  solution  with  the  exception  of  silver 
chloride,  which  is  filtered  off  and  weighed.  (This  does  not  apply  to  a  sample 
of  apatite  contaminated  with  silica  or  silicates.) 


246    GRAVIMETRIC  DETERMINATION  OF  THE  METALLOIDS. 

powdered  material  is  fused  with  four  or  five  times  as  much  sodium 
carbonate  (or  with  a  mixture  of  equal  parts  sodium  and  potassium 
carbonates)  at  first  over  a  Bimsen  burner,  afterward  over  a  Teclu 
burner  or  the  blast-lamp.  The  melt  is  extracted  with  hot  water. 
After  cooling,  methyl  orange  is  added,  the  solution  is  acidified 
with  nitric  acid  and  allowed  to  stand  overnight.  If  silicic  acid 
has  precipitated  out  by  the  next  morning,  a  little  ammonia  is 
added,  the  solution  is  boiled,  filtered,  and  washed  with  hot  water. 
The  cold  filtrate  is  acidified  with  nitric  acid  and  the  chlorine 
determined  as  above. 

If  there  is  no  separation  of  silicic  acid  on  acidifying  the  water 
extraction  of  the  fusion  with  nitric  acid,*  the  chlorine  is  precipi- 
tated at  once  from  the  cold  solution. 

Free  Chlorine. 

If  it  is  desired  to  determine  gravimetrically  the  amoimt  of 
chlorine  in  a  sample  of  chlorine  water,  it  is  not  possible  to  simply 
add  silver  nitrate,  for  all  of  the  chlorine  is  not  precipitated  as  silver 
chloride;  a  part  of  it  remains  in  solution  as  soluble  silver  chlorate: 

6C1+  3HjO+ 6AgN03=5AgCl+  AgC10s+  6HN0,. 

The  chlorine,  therefore,  must  be  changed  to  hydrochloric  acid 
or  to  one  of  its  salts  before  attempting  to  precipitate  with  silver 
nitrate.f    This  may  be  accomplished  in  several  ways: 

1 .  A  definite  amount  of  the  chlorine  water  is  transferred  bv  means 
of  a  pipette  to  a  flask  containing  ammonia  and  after  mixing  the  solu- 
tion is  heated  to  boiling.  After  cooling  the  liquid  is  acidified  with 
nitric  acid  and  precipitated  by  silver  nitrate.  The  ammonia  con- 
verts the  chlorine  partly  to  ammonium  chloride  and  partly  to  am- 
monium h}'pochlorite.  The  latter  is  decomposed  partly  in  the  cold 
and  quantitatively  on  warming  into  ammonium  chlorideand  nitrogen : 

(a)  2NH,0H  +  2C1  =  NH,C1  +  NH,0C1  +  H20; 
(6)  3NH,Oa-h2NH8=3H20  +  N2  +  3NH,Cl. 


♦  According  to  W.  F.  Hillebrand,  there  is  no  separation  of  silicic  acid  to 
be  feared  from  1  gm.  of  the  substance. 

t  In  other  words,  the  chlorine  must  be  present  in  the  ionic  condition. 
(Translator). 
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2.  The  chlorine  water  is  treated  with  an  excess  of  sulphurous 
acid;  the  solution  is  made  ammoniacal,  hydrogen  peroxide  is  added, 
and  the  liquid  boiled  until  the  excess  of  hydrogen  peroxide  is  re- 
moved. After  cooling  the  solution  is  acidified  with  nitric  acid, 
diluted  with  water,  and  the  chlorine  precipitated  by  means  of  silver 
nitrate. 

3.  The  chlorine  water  is  treated  with  dilute  caustic  soda  solu- 
tion, an  aqueous  solution  of  sodium  arsenite  is  added  (arsenic 
trioxide  dissolved  in  sodium  carbonate)  until  a  drop  of  the  liquid 
will  not  turn  a  piece  of  iodo-starch  paper  blue.  It  is  then  acidi- 
fied with  nitric  acid  and  the  chlorine  precipitated  by  a  soluble 
silver  salt. 

If  the  solution  contains  both  free  chlorine  and  hydrochloric 
acid,  the  total  chlorine  is  determined  by  one  of  the  above  methods, 
while  the  free  chlorine  is  determined  in  a  separate  sample  by  a 
volumetric  process  (see  lodimetry). 

Detennination  of  Chlorine  in  Non-electrolytes  (Organic 

Compounds). 

A.  Method  of  Carius.* 

Principle. — ^The  method  is  based  upon  the  fact  that  all  organic 
compounds  are  decomposed  by  heating  with  concentrated  nitric 
acid  at  a  high  temperature  under  pressure.  If  the  substance  con- 
tains halogen  (sulphur,  phosphorus,  or  arsenic,),  it  is  first  set 
free  as  such,  but  on  account  of  the  reducing  action  of  the  nitrous 
acid  formed  it  is  then  changed  over  into  its  hydrogen  compound. 
The  latter,  however,  is  partly  oxidized  by  the  nitric  acid.  The 
reaction  is  therefore  a  reversible  one.  If,  on  the  other  hand,  the 
substance  is  heated  under  the  same  conditions  with  nitric  acid  in 
the  presence  of  silver  nitrate,  the  halogen  hydride  is  converted  into 
silver  halide  as  fast  as  it  is  formed  and  the  halogen  is  in  this  case 
quantitatively  changed  into  its  silver  salt.  Sulphur,  phosphorus, 
and  arsenic  are  oxidized  in  the  same  way  to  sulphuric,  phosphoric, 
and  arsenic  acids  and  any  metals  present  form  nitrates. 

*  Ann.  d.  Chem.  u.  Pharm.  (1865),  136,  p.  129,  and  Zeit.  f.  anaL  CheoL 
4,  p.  451. 
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Procedure  for  the  Halogen  DetermijuUum. 

A  glass  tube  miuie  of  difficultiy  fusible  glass  (about  50  cm. 
long,  2  cm.  in  diameter,  with  walls  about  2  mm.  thick)  is  sealed  at 
one  end,  thoroughly  cleaned  and  dried  by  sucking  air  through  it. 

About  0.5  gra.  of  powdered  silver  nitrate  (or  in  the  case  of 
substances  rich  in  halogen  as  much  as  1  gm.  may  be  used)  is  trans- 
ferred to  the  tube  by  pouring  the  powder 
through  a  cylinder  made  by  rolling  up  a 
piece  of  glazed  paper  and  shoving  the  paper 
into  the  tube  until  it  reaches  about  the 
middle  of  it.  About  40  c.c.  of  pure  nitric- 
acid  (sp.  gr.  1.5)  free  from  chlorine  are 
poured  into  the  tube  through  a  funnel 
whose  stem  is  about  40  cm.  long.  In  this 
way  only  the  lower  half  of  the  tube  is  wet 
with  the  acid.  The  tube  is  then  inclined 
^  to  one  side  and  from  0.15-0.2  gm.  of  the 
substance  contained  in  a  small  glass  tube 
closed  at  one  end  is  introduced  into  it  (this 
smaller  tube  should  be  about  5  cm.  long^ 
and  5  mm.  wide).  As  soon  as  the  tube 
containing  the  substance  hes  reached  the 
acid,  it  remains  suspended  (Fig.  42,  a).  It 
is  very  important  that  the  substance  should  not  come  in  contact 
with  the  acid  before  the  tube  is  closed  at  the  upper  end,  as  other- 
wise there  is  likelihood  of  some  halogen  escaping. 

The  upper  end  of  the  tiibe  is  now  heated  very  cautiously  in 
the  flame  of  the  blast-lamp  until  the  tube  begins  to  soften  and 
thicken  (Fig.  42,  b).  It  is  then  drawn  out  into  a  3-5  cm.  long, 
thick-walled  capillary  and  the  end  fused  together  (Fig.  42,  c). 

After  the  tube  has  become  cold,  it  is  enveloped  in  asbestos 
paper,  carefully  shoved  into  the  iron  mantle  of  a  "bomb  furnace," 
and  gradually  heated.  Aliphatic  substances  are  usually  decom- 
posed by  heating  four  hours  at  150-200°  C;  substances  of  the 
aromatic  series  usually  require  from  eight  to  ten  hours'  heating  at 
250-300°  C,  while  in  some  cases  an  even  longer  heating  at  a  higher 
temperature  is  necessary.    The  time  and  temperature  must  be 


Fia.  42. 
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found  out  for  each  substance  by  experiment.  The  decomposition 
is  complete  when  on  cooling  the  contents  of  the  tube  neither 
crystals  nor  drops  of  oil  are  to  be  recognized.*  The  heating  is  so 
regulated  that  after  three  ho\u«  the  temperature  of  about  200^  C. 
is  reached,  after  three  hours  more  250-270®  C,  and  finally  after 
another,  three  hours  a  temp)erature  of  about  300®  C.  is  attained.f 
After  the  heating  is  finished,  the  tube  is  allowed  to  cool  completely 
in  the  furnace,  the  iron  mantle  together  with  the  tube  is  then 
removed,  and  by  slightly  inclining  the  mantle  the  capillary  of  the 
tube  is  brought  out  into  the  open  air.  In  most  cases  a  drop  of 
liquid  will  be  found  in  the  point  of  the  latter.  In  order  not  to  lose 
this,  the  outer  point  of  the  capillary  is  carefully  heated  with  a 
free  flame,  and  by  this  means  the  liquid  is  driven  back  into  the 
other  part  of  the  tube.  The  point  of  the  capillary  is  now  more 
strongly  heated  %  until  the  glass  softens,  when  it  will  be  blown  out 
in  consequence  of  the  pressure  within  the  tube.  The  gas  escapes 
with  a  hissing  sound.  When  the  contents  of  the  tube  are  at  the 
atmospheric  pressure,  a  scratch  is  made  upon  it  with  a  file  just 
below  the  capillary,  and  this  is  touched  with  a  hot  glass  rod,  whereby 
the  tube  usually  breaks  and  the  upper  part  can  be  removed.  The 
contents  of  the  tube  are  then  carefully  poured  into  a  fairly  large 
beaker  without  breaking  the  little  tube  in  which  the  substance  was 
weighed  out,  and  the  inner  part  of  the  tube  as  well  as  its  capillary 
is  washed  out  with  water.  The  liquid  in  the  beaker  is  diluted  to 
about  300  c.c.  and  heated  to  boiling.  After  cooling,  the  insoluble 
silver  halide  is  filtered  off  through  a  Gooch  crucible,  and  after 
washing  and  drying  at  130®  C.  its  weight  is  determined. 

If  it  is  thought  that  the  precipitate  is  contaminated  by  frag- 
ments of  broken  glass,  as  is  often  the  case  even  with  careful  work, 
the  clear  liquid  is  decanted  through  a  filter,  the  residue  washed  by 


♦  Sometimes,  with  substances  rich  in  sulphur,  crystals  of  nitrosyl  sulphuric 
acid  are  formed  and  adhere  to  the  sides  of  the  tube.  They  are  easily  distin- 
guished from  crystals  of  the  undecomposed  substance. 

t  Such  a  high  pressure  is  often  attained  that  the  tube  bursts  as  soon  as  it 
is  heated  very  hot.  In  such  cases  it  should  be  heated  to  only  200**  C,  allowed 
to  cool,  the  capillary  opened  and  the  gas  set  free.  It  is  then  fused  together 
again  and  heated  to  the  desired  temperature. 

X  Before  heating,  the  tube  and  the  hand  should  be  wrapped  in  a  towel  to 
avoid  accidents. 
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decantation  with  very  dilute  nitric  acid  to  the  disappearance  of 
the  silver  reaction,  and  the  residue  (except  when  it  is  silver  iodide) 
is  dissolved  in  warm  ammonia  water.  The  solution  is  filtered 
through  the  same  filter,  but  the  filtrate  is  this  time  collected  in  a 
fresh  beaker.  After  washing  the  filter  with  dilute  ammonia,  the 
filtrate  is  acidified  with  nitric  acid,  heated  to  boiling,  and  after 
allowing  the  silver  chloride  or  bromide  to  settle  in  the  dark,  it  is 
filtered  through  a  Gooch  crucible,  dried  at  130**  C,  and  weighed. 

In  the  case  of  silver  iodide,  it  cannot  be  dissolved  in  ammonia 
and  in  this  way  separated  from  splinters  of  glass.  In  this  case  the 
substance,  together  with  the  glass,  is  filtered  through  an  ordinary 
washed  filter  (not  a  Gooch  crucible),  completely  washed  with  dilute 
nitric  acid,  then  once  with  alcohol  in  order  to  remove  the  nitric 
acid,  and  dried  at  100®  C.  As  much  of  the  precipitate  as  possible 
is  transferred  to  a  watch-glass,  the  filter  burned,  and  its  ash  placed 
in  a  weighed  porcelain  crucible.  A  little  dilute  nitric  acid  is  added 
(in  order  to  change  any  reduced  silver  into  the  nitrate),  the  liquid  is 
evaporated  on  the  water-bath,  a  few  drops  of  water  and  a  drop  of 
pure  hydriodic  acid  are  added,  and  the  contents  of  the  crucible  are 
again  evaporated  to  dryness,  when  the  main  part  of  the  precipitate  is 
added,  heated  until  it  begins  to  fuse,  and  then  weighed.  The  mass 
in  the  crucible  is  then  covered  with  pure  dilute  sulphuric  acid,  a 
piece  of  chemically  pure  zinc  is  added,  and  the  crucible  allowed  to 
stand  overnight.  After  this  time  the  silver  iodide  will  be  com- 
pletely'reduced  to  metallic  silver.  The  zinc  is  removed,  and  the 
residue  washed  by  decanting  several  times  ^ith  water  until  the 
iodine  reaction  can  no  longer  be  detected.  The  residue  is  then 
warmed  with  dilute  nitric  acid  upon  the  water-bath,  in  order  to 
dissolve  the  silver,  the  solution  is  filtered  through  a  small  filter; 
and  the  latter  is  washed  with  water  and  dried.  This  filter  is  ig- 
nited in  a  crucible  and  the  residue  (the  glass)  is  weighed.  This 
second  weight  deducted  from  the  former  gives  the  amount  of  silver 
iodide  present. 

This  method  is  also  suitable  for  obtaining  lead  and  mercury 
from  organic  compounds  in  a  form  which  can  be  precipitated  by 
hydrogen  sulphide. 

The  method  of  Carius  is  by  far  the  best  for  the  determination  of 
halogens  in  organic  substances  when  only  one  of  the  halogens  is 
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present.     If  two  or  three  of  them  are  present  at  the  same  time, 
the  "  lime  method  "  is  to  be  preferred. 

The  Lime  Method, 

Into  a  glass  tube  made  of  difficultly  fusible  glass  (about  40  cm. 
long,  1  cm.  wide  and  closed  at  one  end),  a  layer  of  Ume  (free 
from  chloride)  from  5  to  6  cm.  long  is  introduced,  then  about  0.5 
gm.  of  substance,  and  finally  5  cm.  more  of  lime.  The  substance  is 
then  mixed  thoroughly  with  the  lime  by  means  of  a  copper  wire 
whose  end  is  wound  into  a  spiral.  The  tube  is  nearly  filled 
with  lime,  placed  on  its  side,  and  gently  tapped  so  that  a  small 
canal  is  formed  above  the  Ume.  The  tube  is  then  placed  in  a  small 
combustion  furnace  (cf .  carbon)  and  heated.  First  of  all  the  front 
end  of  the  tube,  free  from  substance,  is  heated  to  a  dull  redness, 
then  the  back  end,  and  afterward  the  other  burners  are  lighted  one 
after  another  until  finally  the  whole  tube  is  at  a  dull-red  heat.  After 
cooling,  the  contents  of  the  tube  are  transferred  to  a  large  beaker 
and  the  lime  dissolved  in  dilute  nitric  acid  free  from  chlorine. 
The  carbon  is  filtered  ofif,  and  the  halogen  precipitated  with  silver 
nitrate. 

If  the  Ume  contains  calcium  sulphate,  this  is  reduced  to  sul- 
phide, so  that  some  silver  sulphide  is  Ukely  to  be  precipitated  with 
the  silver  halide.  In  this  case  the  solution  is  treated  with  hydro- 
gen peroxide  (free  from  halogen)  before  enough  nitric  acid  has 
been  added  to  make  the  solution  acid,  the  liquid  is  boiled  to  re- 
move the  excess  of  the  reagent,  then  acidified,  filtered,  and  precipi- 
tated with  silver  nitrate.  In  the  analysis  of  substances  rich  in 
nitrogen,  it  is  possible  that  some  soluble  calcium  cyanide  will  be 
formed.  In  this  case  care  must  be  taken  that  the  silver  precipi- 
tate contains  no  silver  cyanide  (cf.  separation  of  cyanogen  from 
chlorine,  bromine,  and  iodine,  p.  261). 

HYDROBROMIC  ACID,  HBr.     Mol.  Wt.  80.97. 
Form:  Silver  Bromide,  AgBr. 

Hydrobromic  acid  is  determined  exactly  the  same  as  hydro- 
chloric acid.  This  is  also  true  of  the  determination  of  free  bro- 
mine, and  bromine  in  non-electrolytes. 
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Hydriodic  Acid,  HI.    Mol.  Wt.  127.86. 

Forms:  Silver  Iodide,  Agl,  and  Palladous 

Iodide,  Pdl,. 

(a)  Determination  cls  Silver  Iodide. 

The  determination  of  hydriodic  acid  is  carried  out  in  exactly 
the  same  way  as  the  analysis  of  hydrochloric  acid.  If  it  is  de- 
sired to  filter  the  silver  iodide  through  an  ordinary,  washed  filter 
instead  of  through  a  Gooch  crucible,  the  procedure  described  on 
p.  250  is  used,  converting  the  reduced  metal  to  iodide  by  dissolv- 
ing in  nitric  acid  and  adding  hydriodic  acid.  In  case  there  is  no 
hydriodic  acid  at  our  disposal,  the  main  portion  of  the  precipitate 
is  placed  in  a  weighed  porcelain  crucible  and  heated  until  it  begins 
to  melt  and  then  weighed.  The  filter  ash  is  placed  in  another 
crucible,  and  treated  with  nitric  and  hydrochloric  acids,  whereby 
the  silver  and  any  imreduced  iodide  are  changed  to  silver  chloride. 
The  silver  chloride  is  weighed  and  the  equivalent  amount  of  silver 
iodide  is  added  to  the  weight  of  the  main  part  of  the  precipitate. 

Example. — Suppose  a  grams  substance  gave  p  grams  silver 
iodide  and  p'  grams  silver  chloride,  then 

AgCl:  Agl=p':x, 

We  have,  therefore,  in  a  grams  substance  p+  ^ZptP'  grams  silver 

iodide,  and  the  amount  of  iodine  present  may  be  calculated  in  the 
usual  manner. 

(6)  Determination  (w  PaUadous  Iodide. 

This  important  method  for  both  the  determination  of  bromine 
and  iodine  is  carried  out  as  follows : 

The  solution  is  acidified  with  hydrochloric  acid,  and  palladous 
chloride  solution  is  added  imtil  no  more  precipitate  is  formed. 
After  standing  one  or  two  days  in  a  warm  place,  the  brownish- 
black  precipitate  of  palladous  iodide  is  filtered  through  a  Gooch 
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crucible,  or  through  a  tared  filter  that  has  been  dried  at  100®  C, 
washed  with  warm  water,  dried  at  100**  C,  and  weighed  as  Pdl,. 

According  to  Rose,  the  Pdl,  may  be  changed  to  palladium  by 
igniting  in  a  current  of  hydrogen,  and  from  the  weight  of  the  palla- 
dium the  amount  of  iodine  calculated. 


SEPARATIOn  OF  THE  HALOGEHS  FROM  ONE  ANOTHER. 

I.  Separation  of  Iodine  from  Chlorine. 

(a)  The  PaUadous  Iodide  Method, 

The  iodine  is  determined  as  above  as  palladous  iodide,  and  in  a 
second  sample  the  sum  of  the  chlorine  and  iodine  is  determined 
from  the  weight  of  their  insoluble  silver  salts. 

(6)  Method  of  Gooch, 

This  method  depends  upon  the  fact  that  in  a  dilute  solution  of 
the  three  halogens,  nitrous  acid  sets  free  iodine  alone: 

2KI+  2KN0,+  4H^0, = 4KHSO4+  2N0+ 2H,0+ 1„ 

which  escapes  from  the  solution  on  boiling.  In  one  sample,  there- 
fore, the  halogens  are  precipitated  together  in  the  form  of  their 
silver  salts,  in  a  second  sample  the  amount  of  the  chlorine  is  deter- 
mined after  setting  free  the  iodine  by  means  of  nitrous  acid,  and 
the  amount  of  iodine  determined  by  difference.  In  order  to  obtain 
correct  results  by  this  method,  the  solution  must  be  very  dilute 
when  it  is  boiled  to  expel  the  iodine;  otherwise  some  chlorine 
escapes. 

Procedure. — ^The  mixture  of  the  halogen  salts  (about  0.5  gm. 
of  the  substance  should  be  dissolved  in  600-700  c.c.  water  in  a 
liter  flask)  is  treated  with  2-3  c.c.  of  dilute  sulphuric  acid, 
0.5-1  gm.  of  solid  potassium  nitrite  (free  from  halogen)  is  added, 
and  the  solution  is  boiled  until  entirely  colorless;  in  most  cases  this 
is  accomplished  in  about  three-quarters  of  an  hour.  The  contents 
of  the  flask  are  now  treated  with  silver  nitrate  solution,  and  the 
resulting  precipitate  is  allowed  to  settle.  It  is  filtered  through  a 
Gooch  crucible,  and  weighed. 
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(c)  Method  of  Jannaadi.* 
J&imasch  proceeds  in  exactly  tbe  same  way  as  Gooch,  but  in- 
stead of  letting  tbe  iodine  escape,  be  collects  in  it  a  mixture  of 
caustic  soda  and  bydrogcsi  peroxide,  whereby  it  is  transformed  to 
sodium  iodide  and  is  subsequently  detnmined  as  sh-er  iodide. 
In  the  other  solution  tbe  chlorine  is  determined  in  the  usual  way. 

Procedure. — The  solution  containing  the  two  bak^i^is  is  placed 
in  a  1  filter  round-bottomed  flask  and  diluted  to  a  volume  of  600-700 
c.c.  like  a  wash-bottle,  this  flask  is  provided  with  one  glass  tube 
reaching  to  the  bottom,  through  which  vapor  can  be  conducted 
into  the  flask,  and  with  another  shorter  tube  for  the  escape  of  gas. 
This  second  tube  is  connected  with  an  EIrlenmeyer  flask  for  a  re- 
ceiver, and  this  is  in  turn  connected  with  a  P^Iigot  tube.  About 
50  c.c.  of  pure  5  per  cent,  caustic  soda  solution  are  placed  in  the 
Erienmeyer  flask,  an  equal  volume  of  hydrt^en  peroxide  free  from 
chlorine  is  added,  and  the  nuxture  cooled  by  siurounding  the  flask 
\tith  ice  or  snow.  The  P^hgot  tube  is  likewise  filled  with  a  suitable 
amount  of  caustic  soda  and  hydrogen  peroxide.  From  5-10  c.c. 
of  dilute  sulphuric  acid  (1:5)  and  10  c.c.  of  10  per  cent,  sodium 
nitrite  solution  are  now  added  to  the  solution  containing  the  bak>- 
gens,  the  flask  is  immediately  closed,  and  the  contents  of  the  flask 
are  heated  over  a  free  flame  while  water  vapor  is  at  the  same  time 
conducted  into  it.  As  soon  as  the  liquid  b^ns  to  boil,  the  space 
above  is  filled  with  violet  vapors  of  iodine,  which  are  gradually 
driven  over  into  the  Erienmeyer  flask,  where,  with  evolution  of 
oxj'gei,  they  are  completely  absorbed  by  the  hydrogen  peroxide 
solution.  The  iodine  is  changed  into  sodium  iodide  and  sodium 
hypoiodite  by  means  of  the  dilute  alkali: 

2I-l-2\a0H=\aH-Na0H-H,O. 
The  sodium  hypoiodite.  however,  is  reduced  by  the  hjrdrogen 
tide  to  sodiiun  iodide: 

NaOI  +  H,0,  -  H,0  +  O,  +  Nal. 
nien  all  the  iodine  is  driven  over  into  the  receiver  (which  is 
>-s  the  case  after  the  solution  in  the  flask  has  become  coloriess 
Zeit.  fiir  anorg.  Chem.  I,  p.  144,  and  Prakt.  Leil.  derGenichts-auslyae, 


SEPARATION  OF  IODINE  FROM  CHLORINE.  255 

and  has  been  boiled  for  twenty  minutes  longer),  the  delivery-tube 
between  the  distilling-flask  and  the  Erlenmeyer  flask  is  removed, 
the  liquid  within  it  is  washed  with  hot  water  into  the  Erlenmeyer 
and  the  current  of  steam  is  stopped.  The  contents  of  the  P^ligot 
tube  are  added  to  the  Erlenmeyer  flask  and  the  solution  heated  to 
boiling  in  order  to  remove  the  excess  of  hydrogen  peroxide.  After 
cooling,  the  liquid  is  acidified  with  a  little  sulphuric  acid;  this  always 
causes  a  yellow  coloration  due  to  free  iodine.*  The  solution,  there- 
fore, is  treated  with  a  few  drops  of  sulphurous  acid,  whereby  it  is 
completely  decolorized.  An  excess  of  silver  nitrate  and  a  little 
nitric  acid  are  then  added,  the  liquid  is  boiled,  and  the  silver 
iodide  filtered  through  a  Gooch  crucible  and  weighed. 

For  the  chlorine  determination,  the  contents  of  the  distilling- 
flask  are  transferred  to  a  beaker  and  the  chlorine  determined  as 
silver  chloride. 

Remark. — This  method  has  been  carefully  tested  in  the  author's 
laboratory  by  O.  Brunner,  and  in  the  above  form  has  been  found 
to  give  very  exact  results. 

Jannasch  recommends  a  slightly  different  procedure.  He 
adds  silver  nitrate  directly  to  the  alkaline  solution  in  the  Erlen- 
meyer flask.  In  this  way  accurate  results  are  obtained  provided 
there  is  no  iodate  formed  by  the  absorption  of  the  iodine.  In 
the  latter  case,  due  to  insuflficient  cooling  of  the  contents  of  the 
receiver,  the  addition  of  silver  nitrate  results  in  the  formation  of 
some  silver  iodate,  and  this  amount  of  iodine  escapes  determination, 
for  silver  iodate  is  soluble  (though  diflScultly  so).  In  such  cases 
the  results  obtained  are  too  low.  If  the  solution  is  acidified,  how- 
ever, the  presence  of  the  iodate  is  shown  by  the  separation  of  a 
little  iodine,  and  this  can  be  changed  by  sulphurous  acid  to  iodide, 
and  accurate  results  will  be  obtained. 


*  If  the  above  directions  are  closely  followed,  there  should  not  be  much 
separation  of  iodine.  It  may  be  caused  by  the  presence  of  a  small  amount 
of  nitrous  acid  which  is  not  oxidized  to  nitric  acid  by  hydrogen  peroxide  or 
if  the  contents  of  the  Erlenmeyer  flask  are  not  kept  cool,  appreciable  amounts 
of  sodium  iodate  (NalO,)  are  formed,  and  the  latter  is  not  reduced  by  hydro- 
gen peroxide.  In  this  case  there  is  a  separation  of  a  considerable  amount  of 
iodine  on  acidif3ring  the  solution,  but  the  addition  of  sulphurous  acid  changes 
it  to  iodide  without  loss. 
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Determination  of  the  Halogens  by  Indirect  Analysis. 

(a)  Determination  of  Bromine  together  with  Chlorine. 

Principle. — In  this  method  the  sum  of  the  weights  of  the  silver 
«alts  of  the  two  halogens  is  first  determined  and  afterwards  the 
silver  bromide  converted  to  silver  chloride  by  heating  in  a  current 
•of  chlorine. 

Procedure. — ^The  solution  containing  about  0.5  gra.  of  the 
halogen  salt  is  acidified  with  a  little  nitric  acid  (free  from  chlorine) 
and  precipitated  in  the  cold  by  the  addition  of  a  slight  excess  of 
silver  nitrate.  The  liquid  is  heated  to  boiling,  with  frequent  stir- 
ring, and  after  cooling  again,  the  precipitate  is  filtered  through 
a  15  cm.  long,  asbestos  filter-tube  made  of  difficultly  fusible  glass. 
The  precipitate  is  dried  at  150°  C.  and  weighed  after  cooling. 

For  the  transformation  of  the  bromide  into  chloride,  the  asbes- 
tos is  shoved  forward  a  little  in  the  tube  by  means  of  a  glass  rod 
(in  order  that  the  gas  may  pass  through  it  more  readily),  the  tube 
is  fastened  in  a  slightly  inclined  position,  and  a  current  of  dry 
^chlorine  gas  is  passed  through  it.  At  the  same  time  the  tube  is 
heated  cautiously  by  moving  a  small  flame  back  and  forth.  During 
the  first  half  hour  the  precipitate  should  not  be  heated  hot 
enough  to  melt  it;  finally,  however,  the  temperature  is  raised 
until  it  begins  to  melt,  after  which  the  chlorine  is  replaced  by  air, 
and  after  cooling  the  residue  is  again  weighed. 

If  p  represents  the  combined  weight  of  the  two  silver  salts, 
and  q  the  weight  after  the  silver  has  been  completely  changed 
to  chloride,  then 

Aga       AgBr 

1.  X    +    2/    =  p 

2.  X    +  my   ^  q  (AgCl) 

and  from  this  it  follows: 

3.  y=, (p— ?). 

In  this  equation  m  =  x^- =0-76311. 
^  Agl3r 

If  this  value  is  substituted  in  equation  (3),  we  obtain 

(AgBr)  2/=4.2213(p-5) 
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and 

(AgQ)  x^p-y 

from  which  the  amount  of  bromine  and  chlorine  may  be  calculated. 

(6)  DetermincUion  of  Iodine  together  with  Chlorine. 

The  same  procedure  is  used  as  above  described 
If  p  represents  the  weight  of  silver  iodide -f  silver  chloride  and 
q  the  weight  after  the  silver  has  been  converted  to  chloride,  then 

Aga    Agi 

1.  X  +    y  ==  p 

2.  X  ■\'  my  ^  q  (AgCl) 

and  from  this  it  follows: 

3.  y^y—Xv-q) 

L—tn 

w= 4^ =0-61070. 
Agl 

If  this  value  is  substituted  in  equation  (3),  we  obtain 

(Agl)    2/==2.5687(p~g) 
:and 

(Aga)  x^p-y. 

(c)  Determination  of  Bromine  in  the  Presence  of  Iodine. 

In  this  case  p  represents  the  weight  of  the  silver  bromide  and 
■silver  iodide,  and  q  as  before  the  corresponding  weight  of  silver 
chloride: 

Agl    AgBr 

1.  a;   4-    y  ^  P 

2.  mx  +  ny  ^  g(AgCl) 

^Lnd 

3.  x^ p— q, 

in  which 

m-'^^O.eiOTO    and    n=^- =0.76311. 
Agl  AgBr 
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If  these  values  for  m  and  n  are  substituted  in  equation  (3), 
we  obtain 

(Agl)  X = 5.0070. p- 6.5614. g 
and 

(AgBr)  y=p-x. 

(d)  Determination  of  Iodine,  Bromine^  and  Chlorine  in  the  Presence 

of  One  Another, 

In  one  •  portion  of  the  substance  the  total  weight  (P)  of  the 
halogen  salts  is  determined,  and  this  is  changed  over  into  chloride 
whose  weight  (Q)  is  obtained.  In  a  second  portion  of  the  substance, 
the  iodine  is  determined  as  palladous  iodide,  whose  weight  is  (0- 

If  (0  is  multiplied  by  1.305,  the  corresponding  weight  of  silver 
iodide  is  obtained  (p). 

If  (p)  is  subtracted  from  (P),  the  simi  of  the  weights  of  the 
silver  bromide  and  silver  chloride  is  obtained  (P— p). 

Again,  if  {t)  is  multiplied  by  0.7972,  the  corresponding  weight 
of  silver  chloride  is  obtained  (g),  and  if  this  is  subtracted  from  (Q), 
the  amoimt  of  silver  chloride  (Q— ^)  will  be  obtained  which  corre- 
sponds to  the  amount  that  would  be  obtained  from  the  weight 

(p-p). 

If,  then,  the  amoimt  of  silver  chloride  is  designated  by  x  and 
the  amount  of  silver  bromide  by  t/,  we  have: 

Aga    AgBr 

1.  x+     y=^(P-p) 

2.  X  +  my  =  (Q-q) 
from  which  follows  from  p.  256,  (a) : 

3.  y=j-^[(P-p)~(Q-(z)], 

(AgBr)  i/=4.2213[(P-p)-(Q-<?)] 

and 

(Aga)x==(P-p)-i/. 

Instead  of  determining  the  iodine  as  palladous  iodide  it  may 
be  removed  as  on  page  253,  6,  by  treatment  with  nitrous  acid 
and  the  weight  of  the  silver  bromide  +  silver  chloride  obtained. 
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The  amount  of  chlorine,  bromine,  and  iodine  follows  from  the 
above  calculation. 

For  the- determination  of  bromine  and  iodine  volumetrically 
consult  Part  II,  lodimetry. 

HYDRocYAinc  Acid,  HCN.    Mol.  Wt.  27.05. 

Forms:  Silver  Cyanidei  AgCN,  and  Metallic 

Silver,  Ag. 

Free  hydrocyanic  acid  as  well  as  the  cyanides  of  the  alkalies 
and  alkaline  earths  are  decomposed  quantitatively  by  silver  nitrate 
with  the  formation  of  insoluble  silver  cyanide. 

If,  therefore,  it  is  desired  to  determine  gravimetrically  the 
amount  of  cyanide  present  in  an  aqueous  solution  of  hydrocyanic 
acid  or  of  an  alkaline  cyanide,  the  cold  solution  is  treated  with  an 
excess  of  silver  nitrate,  stirred,  a  little  dilute  nitric  acid  is  added, 
the  precipitate  allowed  to  settle  and  it  is  then  filtered  through  a 
weighed  filter,  dried  at  100°  C.  and  weighed.  To  confirm  the 
resiilt,  the  silver  cyanide  is  placed  in  a  porcelain  crucible,  the  filter 
burned  in  a  platinum  spiral,  its  ash  added  to  the  main  portion 
of  the  precipitate,  and  the  contents  of  the  crucible  ignited,  at 
first  gently  and  finally  until  the  silver  begins  to  melt;  it  is  then 
weighed. 

By  the  decomposition  of  the  silver  cyanide,  difficultly  volatile 
paracyanide  is  formed,  but  this  is  gradually  burned  away  by 
igniting  the  contents  of  the  open  crucible. 

Example :  Determination  of  Hydrocyanic  add  in  Bitter-almond 
Water. — Bitter-almond  water  contains  cyanogen  as  free  hydrocyanic 
acid  and  as  ammonium  cyanide,  but  the  greater  part  is  present  as 
mandelic  acid  nitrile,  C«H5CH(0H)CN.  The  latter  compoimd  is  not 
decomposed  in  aqueous  solution  by  means  of  silver  nitrate,  but  is 
readily  acted  upon  by  the  latter  if  the  solution  is  made  ammoniacal 
after  the  addition  of  the  silver  nitrate  and  then  made  acid. 

The  gravimetric  determination  of  the  cyanogen  present  is  per- 
formed according  to  the  method  of  Feldhaus  *  as  follows : 

100  gms.  of  bitter-almond  water  are  treated  with  10  c.c.  of  a  10 
per  cent,  silver  nitrate  solution,  2-3  c.c.  of  concentrated  ammonia 

*  Zeit.  fur  anal.  Chem.  Ill  (1864),  p.  34. 
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are  added,  the  solution  is  immediately  acidified  with  nitric  acid, 
the  precipitate  allowed  to  settle,  and  the  HCN  determined  as 
described  above. 

Liebig's  volumetric  method  is  much  more  satisfactory  for  this 
determination  (see  Part  II,  Precipitation  Analyses). 

If  it  is  desired  to  determine  the  amount  of  cyanogen  in  a  solid 
alkali  cyanide,  a  weighed  amount  of  the  salt  is  dissolved  in  water 
containing  silver  nitrate,  and  the  solution  then  acidified  with 
nitric  acid  and  the  precipitate  treated  as  above. 

If  the  cyanide  is  dissolved  in  water  before  the  addition  of  the 
silver  nitrate,  there  is  always  a  slight  loss  of  hydrocyanic  acid. 

Some  complex  cyanides  are  quantitatively  decomposed  by 
silver  nitrate,  e.g.  those  of  nickel,  zinc,  and  copper  (the  latter 
only  slowly) ;  while  others  such  as  the  f erro-  and  f erricyanides  of 
the  alkalies  (and  mercuric  cyanide)  are  not. 

Determination  of  Cyanogen  in  Mercuric  Cyanidei  Method  of  Rose. 

Marcuric  cyanide  is  a  non-electrolyte  and  is  consequently  not 
precipitated  by  silver  nitrate,  but  it  is  acted  upon  by  hydrogen 
^sulphide  with  the  formation  of  insoluble  mercuric  siilphide  and 
hydrocyanic  acid: 

Hg(CN), -f  H,S  -  HgS + 2HCN. 

This  reaction,  however,  cannot  take  place  in  neutral  or  acid 
.solutions  on  account  of  the  volatility  of  the  hydrocyanic  acid;  it 
must  be  performed  in  an  alkaline  solution.  In  order  to  avoid 
the  introduction  of  an  excess  of  hydrogen  siilphide  into  the  solu- 
tion, the  following  procedure  is  necessary : 

The  solution  of  the  mercuric  cyanide  is  treated  with  about 
twice  as  much  zinc  sulphate  dissolved  in  ammonia.  If  this  should 
cause  a  turbidity,  enough  ammonia  is  added  to  clear  it  up  and 
hydrogen  sulphide  water  is  then  slowly  poured  in.  This  causes  at 
first  a  brown  precipitate  which  becomes  black  on  stirring.  The 
hydrogen  sulphide  water  is  added  until  the  upper  liquid  shows 
a  jrwre  while  precipitate  of  zinc  sulphide.  The  zinc  sulphate, 
therefore,  serves,  as  it  were,  as  an  indicator,  inasmuch  as  the 
pure  white  precipitate  will  not  be  formed  until  the  mercury  is 
vcompletely    precipitated.    The    precipitated    siilphides    are    now 
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filtered  off  and  washed  with  dilute  ammonia.  The  filtrate  con- 
tains  all  of  the  hydrocyanic  acid  and  is  treated  with  an  excess  of 
silver  nitrate,  acidified  with  nitric  acid  filtered  and  the  weight  of 
the  silver  cyanide  determined  as  described  on  page  259. 

i 

Determination  of  Hydrocyanic  Acid  and  Halogen  Hydride  in  the 
Presence  of  One  Another,  according  to  Neubauer  and 
Kemer.'*' 

The  solution  is  treated  with  silver  nitrate  in  the  cold,  the 
precipitate  filtered,  dried  at  100°  C.  and  in  this  way  the  total 
weight  of  the  silver  salts  is  determined.  A  definite  amount  of 
the  precipitate  is  placed  in  a  porcelain  crucible,  heated  until  it 
is  completely  melted,  and  then  reduced  with  zinc  and  sulphuric 
acid  as  described  on  page  250.  The  metallic  silver  and  para- 
cyanogen  are  filtered  off  and  the  halogen  determined  in  the  fil- 
trate according  to  page  253  et  seq. 

The  above  separation  can  be  more  satisfactorily  effected  by 
means  of  a  volumetric  process  (See  Precipitation  Analyses). 

SULPHOCYANIC  ACID,  HCNS.     Mol.  Wt.  59.11. 

r 

There  is  no  direct  gravimetric  method  for  the  determination 
of  sulphocyanic  acid.  The  carbon  and  sulphur  are  determined, 
by  elementary  analysis  (which  see)  and  the  sulphur  is  oxidized  to, 
sulphuric  acid  by  means  of  nitric  acid  and  weighed  as  barium 
sulphate.  It  will  not  do  at  all,  however,  to  treat  a  solid  alkali 
sulphocyanate  with  strong  nitric  acid  in  an  open  vessel,  for  on 
account  of  the  violent  action  some  of  the  hydrocyanic  acid  is  vol- 
atilized and  escapes  oxidation.  It  is  better,  as  E.  Heberlein  found 
in  the  author's  laboratory,  to  dissolve  the  alkali  sulphocyanate 
in  water  (Heberlein  used  20  c.c.  of  a  one-tenth  normal  potassium 
cyanide  solution)  and  add  10  c.c.  of  fuming  nitric  acid,  keeping 
the  beaker  surrounded  with  ice.  The  solution  is  at  first  colored 
yellow,  then  deep  red,  reddish  brown,  and  finally  becomes  colorless. 
The  sulphur  is  then  by  no  means  entirely  oxidized  to  sulphuric 
acid;  to  accomplish  this  the  solution  must  be  kept  boiling  gently 
for  two  hours.  It  is  then  evaporated  almost  to  dryness,  taken 
up  in  200  c.c.  of  water,  precipitated  hot  with  barium  chloride 

♦  Ann.  d.  Chem.  u.  Phann.  (1857),  101.  p.  344.  ! 
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solution  and  the  barium  sulphate  filtered  off  and  weighed.  Heber* 
lein  found  99.79 — 99.94  per  cent,  of  the  potassium  sulphocyanate 
taken.  The  oxidation  is  more  certain,  if  the  solution  of  the  alkali 
sulphocyanate  is  placed  in  a  flask  connected  with  a  retum-fiow 
condenser,  treated  with  an  excess  of  fuming  nitric  acid,  boiled 
two  hours  and  then  treated  as  above.  In  this  way  Heberlein 
found  100.1  and  100.2  per  cent,  of  the  theoretical  amount  of  sul- 
phocyanic  acid.  The  oxidation  of  the  sulphocyanic  acid  is  still 
better  effected  by  first  precipitating  the  acid  in  the  form  of  its 
silver  salt  *  and  filtering  it  off  (it  is  only  necessary  to  wash  the 
precipitate  when  a  sulphate  is  also  present).  The  funnel  contain- 
ing the  precipitate  is  then  placed  over  a  small  flask,  the  apex  of 
the  filter  is  broken  with  a  glass  rod  and  the  precipitate  washed 
into  the  flask  by  means  of  a  stream  of  nitric  acid  (sp.  gr.  1.37-1.40). 
In  this  way  there  is  no  violent  reaction  and  no  loss  of  sulphocyanic 
acid  to  be  feared.  The  contents  of  the  flask  are  heated  to  boil- 
ing for  three-quarters  of  an  hour.  If  at  the  end  of  this  time,  red 
vapors  are  still  evolved  from  the  flask  (usually  due  to  small  par- 
ticles of  filter  paper)  it  makes  no  difference;  the  oxidation  of  the 
sulphocyanic  acid  is  sure  to  have  been  complete.  The  contents  of 
the  flask  are  evaporated  to  a  small  volume  in  order  to  remove  the 
excess  of  nitric  acid,  taken  up  with  water  and  the  silver  precipitated 
as  chloride  and  filtered  off.  The  sulphuric  acid  is  precipitated  in 
the  filtrate  as  barium  sulphate  and  the  latter  is  weighed.! 

Bromine  water  will  likewise  convert  sulphocyanic  acid  to  sul- 
phuric acid  readily  and  quantitatively. 

Hydrogen  peroxide  in  ammoniacal  solution  also  oxidizes  sul- 
phocyanic acid  completely  to  sulphuric  acid  but  the  oxidation 
requires  more  time  than  in  the  case  of  nitric  acid.  By  this  method, 
according  to  Heberlein,  the  alkali  sulphocyanate  is  treated  with  a 
large  excess  of  3  to  4  per  cent,  hydrogen  peroxide  (for  20  c.c.  of 
one-tenth  normal  sulphocyanate  solution,  120  c.c.  of  hydrogen  per- 
oxide are  used),  the  solution  made  ammoniacal,  allowed  to  stand 
twenty-four  hours  at  the  ordinary  temperature,  then  heated  two 


♦  W.  Borchers,  Repertorium  der  anal.  Chemie,  1881,  p.  130. 
t  Borchers  precipitates  the  sulphuric  acid  without  removing  the  silver 
by  means  of  barium  nitrate.     The  procedure  given  here  is  better. 
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hours  on  the  water-bath,  and  finally  boiled.  After  acidifying  with 
hydrochloric  acid  the  sulphuric  acid  is  precipitated  with  barium 
chloride  and  the  barium  sulphate  formed  is  weighed. 

The  oxidation  is  effected  even  more  slowly  by  potassium  per- 
carbonate. 

Determination  of  Stilphocyanic  and  Hydrocyanic  Acids  in  the 

Presence  of  One  Another  (Borchers)."*" 

« 

The  amount  of  silver  nitrate  necessary  to  precipitate  both  of 
the  acids  is  determined  volumetrically  in  one  sample  of  the  substance 
(see  Precipitation  Analysis)  and  in  a  second  portion  the  weight  of 
the  barium  sulphate  formed  after  the  oxidation  of  the  sulpho- 
cyanic  acid  is  determined.  From  the  latter  weight  the  amount 
of  sulphocyanic  acid  present  can  be  computed  and  also  the  amount 
of  silver  nitrate  that  would  be  required  to  precipitate  it.  If  this 
amount  is  subtracted  from  the  amount  of  silver  nitrate  required 
to  precipitate  both  of  the  acids,  the  amount  of  silver  nitrate 
equivalent  to  the  hydrocyanic  acid  present  is  obtained. 

Determination    of   Sulphocyanic   Acid   together   with   Halogen 

Hydrides  (Volhard). 

In  one  portion  the  amount  of  sulphocyanic  acid  present  is  deter- 
mined as  barium  sulphate  after  oxidation  with  nitric  acid.  A 
second  portion  is  heated  in  a  closed  tube  with  concentrated  nitric 
acid  and  silver  nitrate  (Carius  Method,  page  247)  after  which  the 
halogen  silver  salts  are  filtered  off,  weighed,  and  subsequently 
changed  to  silve  chloride  as  described  on  page  256.  A  third  por- 
tion is  fused  with  sodium  carbonate  and  potassium  nitrate  and  the 
iodine  determined  from  the  melt  as  palladous  iodide  (see  page  258). 

Hydroferrocyanic  Acid,  H4Fe(CN)«.    Mol.  Wt.  216.28. 

Form:  Silver  Cyanide,  AgCN. 

The  most  accurate  procedure  for  the  analysis  of  cyanides  is 
to  determine  the  carbon  and  nitrogen  by  elementary  analysis 

(which  see). 

'  -     •  ■  

*  hoc.  cU. 
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Determination  as  Silver  Cyanide  (Rose-Finkener). 

This  method  depends  upon  the  fact  that  all  salts  of  hydroferro- 
cyanic  acid  on  being  heated  with  yellow  mercuric  oxide  give  up 
their  cyanogen  to  the  mercury,  forming  soluble  mercuric  cyanide^ 
while  the  iron  is  changed  to  insoluble  ferric  hydroxide.  Thus 
Prussian  blue  is  decomposed  as  follows: 

Fe/"[Fe"(CN)J3+9HgO+9H,0= 

= 9Hg(CN), + 4Fe(0H), + 3Fe(0H),. 

A  weighed  amount  of  the  substance  is  treated  with  an  excess 
of  mercuric  oxide  and  the  liquid  is  boiled  until  the  blue  color  has 
completely  disappeared,  when  the  precipitate  is  filtered  off. 

On  filtering  off  the  insoluble  oxides,  at  first  a  clear  filtrate  is 
obtained,  but  on  washing  some  of  the  precipitate  usually  passes 
through  the  filter.  By  washing  with  a  solution  containing  a  dis- 
solved salt,  preferably  mercuric  nitrate,  it  is,  possible  to  obtain,  how- 
ever, a  clear  filtrate.  Even  then  the  operation  is  tedious,  so  that 
the  attempt  has  been  made  to  avoid  the  washing  of  the  precipitate 
by  diluting  the  liquid  containing  the  precipitate  suspended  in  it 
to  a  definite  volume,  filtering  through  a  dry  filter,  measuring  off 
a  definite  volume  of  the  filtrate,  and  subsequently  determining 
the  cyanogen  as  silver  cyanide  after  first  precipitating  out  the 
mercury  as  sulphide  (see  p.  260).  The  amount  of  cyanide  found 
is  then  calculated  over  into  the  amount  that  would  have  been 
obtained  in  case  the  whole  of  the  solution  had  been  used  for  the 
analysis.  In  this  way  an  error  is  introduced  which  in  some 
cases  is  considerable.  Ivet  us  assume  that  the  Prussian  blue  was 
decomposed  in  a  100-c.c.  flask  and  after  the  decomposition  was 
complete,  the  liquid  was  diluted  up  to  the  mark;  and  that  in 
50  c.c.  of  the  filtrate  p  gms.  of  cyanide  were  found. 

The  amount  of  cyanide  in  the  portion  weighed  out  is  not  2  pgms., 
for  the  volume  of  the  liquid  before  filtering  was  not  100  c.c,  but 
100— V  c.c,  where  v  is  the  volimie  of  the  suspended  oxides. 
This  volume  v  can  be  determined  only  approximately,  so  that  the 
cyanogen  determination  by  this  method  will  never  be  abso- 
lutely certain.  In  order  to  obtain  exact  results,  the  first-men- 
tioned procedure  should  be  followed;  or,  better  still,  the  amount 
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of  carbon  and  nitrogen  should  be  determined  by  elementary 
analysis. 

Soluble  ferrocyanides  may  be  satisfactorily  determined  by 
titration  with  potassium  permanganate  (cf.  Part  II,  Oxidation 
and  Reduction  Methods).  For  the  determination  of  the  iron 
and  other  metals,  the  substance  is  heated  with  concentrated  sul- 
phuric acid,  the  residue  after  evaporation  is  dissolved  in  water, 
and  the  solution  analyzed  as  usual. 

Hydroferricyanic  Acid,  HaFeCCN),.    Mol.  Wt.  215.27. 

The  ferricyanides  are  analyzed  in  the  same  way  as  the  ferro- 
cyanides. 

Hypochlorous  Acid,  HCIO.    Mol.  wt.  52.46. 

Hjrpochlorous  acid  is  always  determined  volumetrically  and 
will  be  discussed  in  Part  II  of  this  book,  under  Oxidation  Methods, 

GROUP  n. 

NITROUS,  HYDROSULPHURIC,   ACETIC,  AND  CYANIC   ACIDS. 

Nitrous  Acid,  HNO,.    Mol.  Wt.  47.05. 

Nitrous  acid  is  either  determined  volumetrically,  gasometric- 
ally,  or  colorimetrically.  The  two  former  methods  will  be  dis- 
cussed in  Parts  II  and  III  of  the  book. 

Colorimetric  Determination,  of  Peter  Griess. 

This  method  serves  only  for  the  determination  of  extremely 
small  amounts  of  nitrous  acid  (e.g.,  in  drinking-waters),  and 
depends  upon  the  formation  of  intensively  colored  azo-dyes. 

Inasmuch  as  azo-compounds  are  formed  only  when  nitrous 
acid  is  present,  they  can  all  be  used  in  testing  for  this  acid,  but 
the  different  substances  do  not  prove  equally  sensitive  as  reagents. 
Thus  in  the  production  of  tri-amido-azo-benzene  (Bismarck  brown) 
not  less  than  yf^  mgm.  of  nitrous  acid  in  a  liter  can  be  detected, 
while  according  to  the  following  procedure  y^^^  mgm.  in  a  liter 
can  be  detected  with  certainty.  To  carry  out  the  determination 
two  solutions  are  necessary,  one  of  sulphanilic  acid  and  one  of 
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a-naphthylamine.    Both  substances  are  dissolved  in  acetic  acid  * 
and  prepared  according  to  the  directions  of  Ilosvay  f  as  follows: 

1.  0.5  gm.  of  sulphanilic  acid  is  dissolved  in  150  c.c.  of  dilute 
acetic  acid. 

2.  0.1  gm.  of  solid  a-naphthylamine  is  boiled  with  20  c.c.  of 
water,  the  colorless  solution  is  poured  off  from  the  bjuish-violet 
residue,  and  150  c.c.  of  dilute  acetic  acid  are  added. 

These  two  solutions  are  now  mixed.}  It  is  not  necessary  to 
protect  the  reagent  from  the  action  of  light,  but  it  is  desirable  to 
keep  impure  air  away  from  it.  As  long  as  the  solution  remains 
colorless  it  can  be  used.  If  it  comes  in  contact  with  nitrous  acid, 
which  is  often  present  in  the  air,  the  reagent  becomes  red,  and  in 
this  case  it  must  be  decolorized  by  shaking  with  zinc-dust  before 
using. 

Besides  the  above  reagent,  it  is  necessary  to  prepare  a  solution 
of  sodimn  nitrite  of  known  strength.  For  this  purpose  a  concen- 
trated solution  of  commercial  potassium  nitrite  is  treated  with 
silver  nitrate  solution,  the  precipitated  silver  nitrite  is  filtered  off 
and  washed  a  few  times  with  cold  water.  In  order  to  obtain  abso- 
lutely pure  silver  nitrite  the  precipitate  is  dissolved  in  as  little  hot 
water  as  possible  and  quic}dy  cooled.  The  mass  of  crystals  is  placed  in 
a  funnel  provided  with  a  platinum  cone,  and  after  being  sucked  free 
from  mother-liquor,  it  is  washed  with  a  small  amount  of  distilled 
water.  The  silver  nitrite  is  placed  in  a  calcium  chloride  desiccator 
and  allow^ed  to  dry  in  the  dark.  As  soon  as  it  has  become  dry 
(shown  by  its  having  assumed  a  constant  weight)  exactly  0.4047  gm. 
of  it  is  weighed  out  into  a  liter  flask  and  dissolved  in  hot  distilled 
water.  About  0.2  to  0.3  gm.  of  pure  sodium  chloride  is  added  (i.e., 
a  little  more  than  the  theoretical  amount)  in  order  to  convert  the 
silver  nitrite  into  silver  chloride  and  sodium  nitrite.  After  becom- 
ing cold,  the  solution  is  diluted  to  exactly  one  liter  with  pure 
water,  then  thoroughly  shaken,  and  the  precipitate  allowed  to  settle. 
After  this,  100  c.c.  of  the  clear  liquid  are  pipetted  into  a  second 


*  P.  Griess  used  dilute  sulphuric  acid  to  set  free  the  nitrous  acid.     Ilosvay 
showed  that  if  acetic  acid  were  used  the  reaction  was  much  more  sensitive, 
t  Bull.  chim.  [2]  2,  p.  317. 
t  Lunge,  Zeitschr.  f.  angew.  Chem.  1899,  Heft  23. 
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liter  flask  and  diluted  up  to  the  mark  with  water  free  from  nitrous 
acid.     1  c.c.  of  this  solution  contains  0.01  mgm.  N^O,. 

Procedure  for  the  Determination. 

50  c.c.  of  the  water  to  be  examined  are  placed  in  a  cylinder, 
such  as  is  shown  on  p.  57,  treated  with  5  c.c.  of  the  reagent, 
and  the  contents  of  the  cyhnder  mixed  with  the  aid  of  the 
stirrer  shown  in  Fig.  24;  the  cylinder  is  placed  in  water  at 
about  70-80°  C.  If  as  much  as  -njVjr  nigm.  of  nitrous  acid  is  pres- 
ent in  a  liter  of  the  water  tested,  the  red  coloration  wiD  appear 
within  one  minute;  with  relatively  larger  amoimts  (e.g.,  as  much 
as  1  mgm.  per  liter)  the  solution  is  simpjy  colored  yellow,  unless 
a  concentrated  solution  of  naphthylamine  is  used.  Meanwhile 
in  three  other  cylinders  are  placed  respectively  0.1  c.c,  0.5  c.c,  and 
1  c.c.  of  the  solution  containing  a  known  amount  of  sodium  nitrite; 
each  is  diluted  with  water  up  to  the  mark  and  treated  with  the 
reagent  in  the  same  way.  As  soon  as  a  distinct  red  coloration  is 
apparent,  the  colors  are  compared  with  that  produced  by  the  water 
to  be  analyzed.  If  the  color  of  the  unknown  water  lies  between 
two  of  the  standards — e.g.,  between  that  produced  with  0.1  and  0.5 
cc  of  the  standard — then  three  more  .standards  are  prepared  con- 
taining, say,  0.2,  0.3,  and  0.4  c.c.  of  the  known  solution.  When 
the  color  of  the  unknown  solution  is.matched,  then  the  water  con- 
tains the  same  amount  of  nitrous  acid  as  the  standard. 

If  the  water  contains  considerable  nitrous  acid  (e.g.,  over  0.3 
mgm.  per  Hter),  then  the  red  coloration  will  be  so  dark  that  the 
colorimetric  determination  cannot  be  performed  with  certainty. 
In  this  case  a  definite  volume  of  the  water  is  diluted  with  distilled 
water  and  the  nitrous  acid  present  in  this  diluted  water  is  deter- 
mined as  before. 

Tromsdorff  recommends  for  the  determination  of  nitrous  acid 
in  drinking-water  the  use  of  zinc  iodide  of  starch,  and  comparing 
the  blue  color  produced  by  the  nitrous  acid  (cf.  Vol.  I,  p.  287).  If 
iV  mgm.  of  nitrous  acid  is  present  in  a  liter,  the  blue  color  produced 
can  be  distinctly  seen;  with  -^  mgm.  per  liter,  however,  the  color 
is  so  intense  that  it  is  unsuited  for  a  colorimetric  determination. 
This  method  is  not  to  be  recommended  because  in  the  first  place 
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it  is  far  less  sensitive  than  the  Griess  method,  and  second  because 
it  can  easily  lead  to  error  inasmuch  as  a  blue  color  will  be  oftoa 
produced  when  there  is  no  nitrous  acid  present.  Traces  of  hydrogen 
peroxide  or  ferric  salts,  which  are  likely  to  be  present  in  a  drinking- 
water,  will  also  cause  the  solution  of  zinc  iodide  of  starch  to  turn 
blue. 

Hydrosulphuric  Acid,  H^.    Mol.  Wt.  34.08. 

Forms :  Barium  Sulphate,  BaSO^,  ,  Hydrogen  Sulphide,  H^S, 

and  colorimetrically. 

There  are  four  cases  to  be  considered: 

I.  The  determination  of  free  hydrogen  siilphide. 
II.  The  determination  of  sulphur  in  sulphides  soluble  in  water. 

III.  The  determination  of  sulphur  in  sulphides  insoluble  in 
water  but  decomposable  by  dilute  acids  with  evolution  of  hydro- 
gen sulphide. 

IV.  The  determination  of  siilphur  in  insoluble  sulphides. 

I.  Determination  of  Free  Hydrogen  Stdphide. 

(o)  Determination  of  Hydrogen  Sulphide  in  Ods  Mixtures, 

In  case  it  is  desired  to  know  the  per  cent,  of  hydrogen  sulphide 
present  in  a  mixture  of  gases,  the  €uialysis  is  best  made  volumetri- 
cally  (see  Part  II,  lodimetry),  but  it  is  possible  to  accomplish  the 
same  end  by  a  gravimetric  process. 

The  source  of  the  gas  is  connected  by  means  of  rubber  tubing 
with  the  ten-bulb  absorption-tube  shown  in  Fig.  45,  page  278,*  which 
contains  a  solution  of  ammoniacal  hydrogen  peroxide  free  from  sul- 
phuric acid .  The  other  end  of  the  absorption- tube  is  connected  with 
an  aspirator,  i.e.  a  large  bottle  of  about  4-5  liters  capacity  filled 
with  water  and  closed  by  means  of  a  double-bored  stopper.  Through 
one  hole  of  the  stopper  is  passed  a  right-angled  glass  tube  which 
reaches  just  below  the  bottom  of  the  stopper  in  the  bottle,  and  its 
other  end  is  connected  with  the  absorption-tube.  Through  the  other 
hole  in  the  stopper  is  placed  a  glass  tube  reaching  to  the  bottom 

*  Usually  two  of  these  tubes  are  used  in  order  to  make  sure  that  none  of 
the  gas  escapes  absorption. 
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of  the  bottle.  The  upper  end  of  this  tube  is  likewise  bent,  and  is 
connected  with  a  rubber  tube  to  serve  as  a  siphon;  on  the  lower 
end  of  the  rubber  tube  is  a  screw-cock. 

Before  beginning  the  experiment,  the  air  in  the  rubber  tubing 
between  the  source  of  gas  and  the  abeorption-tube  is  removed 
by  conducting  the  gas  to  be  analyzed  through  it.  When  this  is 
accomplished  the  tubing  is  connected  with  the  absorption-tube. 
Water  is  now  allowed  to  rim  slowly  from  the  aspirator  into  a 
vessel  graduated  in  liters;  after  from  2^5  liters  of  the  water  have 
run  out,  the  aspirator  is  closed  by  screwing  up  the  cock  on  the 
siphon  arm.  The  contents  of  the  absorption-tube  are  poured  into 
a  beaker,  slowly  heated  to  boiling,  and  kept  at  this  temperature 
for  from  five  to  ten  minutes.  The  solution  is  then  evaporated  on 
the  water-bath  to  a  small  volume,  a  little  hydrochloric  acid  is 
added,  the  solution  filtered  if  necessary,  and  the  sulphuric  acid  pre- 
cipitated at  a  boiling  temperature  with  a  boiling  solution  of 
bariimi  chloride.  After  the  precipitate  has  settled,  it  is  filtered 
off,  ignited  wet  in  a  platiniun.  crucible,  and  weighed  as  barium 
sulphate. 

Both  at  the  beginning  and  end  of  the  experiment  it  is  necessary 
to  note  the  temperature  of  the  room  and  the  barometer  reading. 
The  mean  of  these  readings  is  used  for  the  calculation.  The 
amount  of  hydrogen  sulphide  present  in  the  gas  is  computed  as 
follows: 

The  volume  of  water  which  has  flowed  out  of  the  aspirator^ 
represents  the  volume  of  the  gas  that  has  been  sucked  through 
the  apparatus  less  the  amount  absorbed  by  the  ammoniacal  hy- 
drogen peroxide  solution.  Let  V  represent  the  volume  of  water  in 
liters  which  has  flown  from  .the  aspirator  and  p  the  weight  of 
barium  sulphate  found. 

Since  one  gram  moleciile  of  barium  sulphate  corresponds  to 
one  gram  molecule  of  hydrogen  sulphide  and  the  latter  assumes  at 
0°  C.  and  760  mm.  pressure  a  volume  of  22.391  liters,  we  have: 

BaSO^ :  22.391 :7>:7i; 
^\^  -D  gr\     —the  volume  of  the  hydrogen  sulphide  absorbed. 

x5ab(J4 

Now  the  volimie  (V)  of  the  gas  that  passed  through  the  apparatus 
was  at  (^  and  B  mm.  pressure,  while  V^  is  measured  at  QP  C.  and 
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760  mm.  pressure.    It  ia  necessary,  therefore,  to  reduce  7  to  0®  0 
and  760  mm.  pressure. 

^^     V'(B~ti?)273 
•      760(273+0  '  • 
The  volume  of  the  gas  drawn  through  the  apparatus  is  then; 

and  we  have: 

(^o+^i):^i-'100:a:, 

^^'v'aTu  "tl^cp^rcent.by  volume  of  hydrogen  sulphide  present. 

(b)  Determination  of  the  Amount  of  Hydrogen  Sidphide  Present 

in  Solution. 

By  means  of  a  pipette  a  definite  volume  of  the  solution  is 
measured  out  and  allowed  to  run  into  ammoniacal  hydrogen  per- 
oxide with  constant  stirring  of  the  latter  by  means  of  the  pipette 
itself.  After  heating  to  boiling  and  acidifying  with  hydrochloric 
acid,  the  amount  of  sulphuric  acid  formed  is  determined  as  barium 
sulphate. 

n.  Detennination  of  Sulphur  in  Sulphides  Soluble  in  Water. 

(a)  The  solution  is  treated  with  an  excess  of  anmioniacal 
hydrogen  peroxide  water,  slowly  heated  to  boiling  and  kept  at 
that  temperature  until  the  excess  of  the  reagent  is  destroyed,  when 
the  sulphuric  acid  is  precipitated  with  barium  chloride  and  weighed 
as  bariiun  sulphate. 

(/})  The  solution  is  treated  with  bromine  water  imtil  a  perma* 
nent  brown  color  is  obtained,  when  it  is  warmed,  acidified  with 
hydrochloric  acid,  and  the  sulphuric  acid  determined  as  barium 
sulphate. 

If  the  solution  contains  thiosulphate,  sulphide,  and  sulphate,, 
as  is  likely  to  be  the  case  after  standing  in  the  air  for  some  time, 
the  sulphide  sulphur  is  precipitated  by  means  of  cadmiiun  acetate 
and  the  sulphur  in  the  precipitate  is  determined  as  under  III,  or 
the  cadmium  sulphide  is  oxidized  with  either  bromine  water  or 
fuming  nitric  acid,  and  the  sulphuric  acid  formed  determined  as* 
barium  sulphate. 
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The  determination  of  thiosulphate,  sulphide,  and  sulphite 
sulphur  will  also  be  discussed  in  Part  II  of  this  book  under  lodim- 
etry. 

ni.  The  Determination  of  Sulphur  in  Sulphides  Soluble  in 

Dilute  Acids. 

Principle. — ^The  hydrogen  sulphide  is  evolved  by  treatment 
of  the  sulphide  with  dilute  acids,  and  absorbed  in  ammoniacal  hydro- 
gen peroxide  solution  as  under  I;  or  the  hydrogen  sulphide  is 
absorbed  in  caustic  soda  solution  and  the  sodium  sulphide  formed 
analyzed  according  to  II ;  er  finally  the  gas  may  be  a1)sorbed  in  a 
weighed  tube  containing  pumice  soaked  with  copper  sulphate 
solution,  in  which  case  the  gain  in  weight  represents  the  amount  of 
gas  absorbed. 

Evolution  and  Absorption  of  the  Hydrogen  Svlphide. 

In  the  case  of  sulphides  rich  in  sulphur  0.25-0.50  gm.  of  the 
substance  should  be  taken  for  the  analysis,  while  of  those  contain- 
ing less  sulphur  a  correspondingly  larger  amount  should  be  taken. 
The  substance  is  placed  in  an  Erlenmeyer  flask  (Fig.  43,  a)  the  con- 
nection between  the  flask  and  the  receiver  is  broken  and  the  air  is 
expelled  from  K  by  conducting  hydrogen  gas  through  the  delivery 
tube  and  out  through  the  open  stop-cock  of  T.  After  a  rapid 
current  of  hydrogen  has  passed  through  the  apparatus  for  about 
five  minutes,  the  receivers  V  and  P  are  partly  filled  with  an 
ammoniacal  solution  of  hydrogen  peroxide  *  (about  3-4  per  cent. 
HjOj) ;  placing  about  100  c.c.  of  the  solution  in  V  and  about 
10-20  c.c.  in  P. 

The  receiver,  V,  is  now  connected  with  the  deUvery-tube  from 
the  evolution-flask  X ,  and  hydrogen  is  conducted  from  T  throughout 
the  whole  apparatus  for  five  minutes  more  in  order  to  remove  as 

*  In  case  hydrogen  peroxide  is  not  at  hand,  the  receivers  should  contain 
100  c.c.  of  dilute  sodium  hydroxide  solution  (250  gm.  to  1  liter).  After  the 
decomposition  is  complete  the  contents  of  the  receiver  are  transferred  to  a 
beaker,  30-50  c.c.  of  bromine  water  are  added,  the  solution  acidified  with 
hydrochloric  acid  (sp.  gr.  1.19)  and  boiled  while  carbon  dioxide  is  passed 
through  it  imtil  the  excess  of  bromine  is  completely  expelled.  The  sulphuric 
acid  formed  is  then  precipitated  with  a  hot  solution  of  barium  chloride. 
Instead  of  oxidizing  the  sodium  sulphide  to  sodium  sulphate  it  can  bo 
titrated  with  iodine  (cf.  lodimetry). 
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much  as  poaeible  of  the  jur  from  the  receivers.  After  this,  about 
20  c.c.  of  boiled  water  are  introduced  into  K  through  T  so  that  the 
substance  is  entirely  covered,  then  dilute  hydrochloric  acid  (1  vol. 
concentrated  acid  +  1  vol.  of  boiled  water)  is  slowly  added  to  the 
contents  of  the  flask  and  the  decomposition  is  promoted  by  warm- 


ing somewhat.  When  the  evolution  of  the  gas  has  ceased,  the 
contents  of  K  are  heated  to  a  gentle  boihng  and  a  slow  current 
of  hydrogen  •  is  conducted  through  the  apparatus  from  T  for 
twenty  minutes,  when  the  flame  is  removed  and  the  current  of 
hydrogen  ia  continued  for  fifteen  minutes  longer.  At  the  end  of 
this  time,  the  hydrogen  sulphide  will  surely  completely  be  driven 
over  into  V.t 

*  The  hydrogen  Is  evolved  from  zinc  and  sulphuric  scid  in  a  Kipp  gener- 
ator. Tlie  gas  is  washed  Rrat  with  an  alkcdine  lead  solution  in  order  to  remova 
traces  of  hydrogen  sulphide  and  then  with  water. 

t  Cy  the  absorption  of  the  hydrogen  sulphide  in  the  ammoniacal  aolutim 
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The  contents  of  the  two  receivers  are  washed  into  a  beaker 
and  slowly  heated  to  boiling  in  order  to  efTect  the  complete  oxi- 
dation of  the  thiosulphuric  and  sulphurous  acids  and  to  expel  the 
excess  of  the  hydrogen  peroxide.  The  solution  is  finally  acidi- 
fied with  hydrochloric  acid  and  the  sulphuric  acid  determined  as 
barium  sulphate. 

This  method  3rields  excellent  results  and  can  be  applied  with 
advantage  to  the 

Determination  of  Sulphur  in  Iron  and  Steel. 

Inasmuch  as  the  amoimt  of  sulphur  present  is  so  small,  a  large 
amount  of  the  substance  must  be  taken  for  the  analysis.  For 
pig  iron  2-5  gms.  are  sufl&cient,  while  with  steel  5  gms.,  and  with 
wrought  iron  as  much  as  10  gms.  should  be  used. 

The  determination  is  carried  out  in  the  same  way  as  before, 
except  in  this  case  a  stronger  acid  should  be  used  (HCl  sp.  gr.  1.12) ; 
this  is  allowed  to  act  upon  the  iron  at  once  without  first  cover- 
ing it  with  water,  and  the  boiling  is  continued  for  at  least  half 
an  hour  after  the  gas  evolution  has  ceased. 

Remark. — ^According  to  this  method,  the  sulphur  is  not  com- 
pletely expelled  from  all  kinds  of  irons  and  steel.  Irons  rich  in 
silica  leave  behind  an  insoluble  residue  which  often  contains  con- 
siderable amounts  of  sulphur.  This  residue,  therefore,  should 
be  filtered  off,  fused  with  sodium  carbonate  and  potassium  nitrate 
(see  p.  277),  the  melt  extracted  with  water,  and  the  silicic  acid 
removed  by  evaporation  with  hydrochloric  acid.  From  the 
filtrate  the  sulphuric  acid  is  determined  as  usual  in  the  form  of 
barium  sulphate. 

Colorimetric  Determination  of  Sulphur  in  Iron  and  Steel,  "t" 

Principle. — ^The  hydrogen  sulphide  evolved  from  a  weighed 
amount  of  iron  is  passed  into  a  flask  containing  cadmium  acetate 

of  hydrogen  peroxide  the  latter  is  always  colored  somewhat  yellow  owing  to 
the  formation  of  a  little  ammonium  disulphide.  This  yellow  color  can  be 
distinctly  seen  in  the  delivery -tube,  where  it  dips  into  the  solution  in  the 
receiver  and  later  disappears  owing  to  further  oxidation: 

(XH,)^S,-^(NH;)A0a-^(NHJ,30,->(NH,)^0,. 

When  the  color  can  no  longer  be  detected,  it  is  a  sign  that  the  greater  pari 
of  the  hydrogen  sulphide  has  been  driven  over. 
*  J.  Wiborgh;  Stahl  und  Eisen  6  (1866),  p.  230. 
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whereby  the  latter  ia  colored  yeUow  owing  to  the  formation  of 
cadmium  sulphide;  the  intensity  of  the  color  is  proportional  to 
the  amount  of  hydrogen  sulphide. 

If  a  grams  of  substance  produce  a  certain  shade  then  it  would 
take  2a  grams  of  a  substance  containing  half  as  much  sulphur  to 
duplicate  it,  or,  in  other  words,  the  relations  holds,  as  —  a's',  where 
a  and  a'  represent  the  amount  of  substance  taken  for  the  analysis 
and  s  and  s'  the  percentage  of  sulphur  present.     In  the  first  place, 
then,  a  scale  must  be  prepared  of  different  shades  representing 
different   percentages   of   sulphur.     For   this    purpose,    Wiborgh 
uses  the  apparatus  shown  in  Fig.  44.     It  consists  of  a  250-300-c.c. 
Erlenmeyer   flask   A    with   a   side- 
arm  funnel  T  and  with  a  ground- 
glass  connection  between  the  cyUn- 
der  B.    The  latter  is  about  20  cm. 
long,  and  is  from  S.5-6.0  cm.  wide 
at  the  top  and  about  8  mm.  at  the 
bottom.     The    upper   edge    of    the 
cylinder  is  rounded  over  and  ground 
perfectly  smooth.     Upon  this  upper 
edge  are   placed    two    rubber  rings 
of  the  same  inner  diameter  as  the 
glass  cylinder.     Between  these  two 
rings  is  laid  a  circular  piece  of  cloth 
C  that  has  been  dipped  in  a  solution 
of  cadmium  acetat*,  and  upon  the 
upper  rubber  ring  is  placed  a  wooden 
ring  H  which  is  held  firmly  against 
the  edge  of  the  cylinder  by  means 
of  three  clamps  K  (only  two  are 
shown  in  the  illustration). 
The  flask  A  is  filled  not  quite  half  full  with  distilled  water,. the 
contents  boiled  a  few  minutes  to  remove  the  air,  the  flame  Is  re- 
moved, and  a  weighing-tube  containing  a  definite  amount  of   a 
substance  whose   sulphur  content   is   known  is  thrown  into  the 
flask.    The  cylinder,  with  the  cadmium  acetate  cloth  in  position, 
is  placed  upon  the  flask,  and  the  gentle  boiling  is  continued  until 
the  cloth  is  uniformly  moistened  with  the  aqueous  vapor  which 
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is  seen  to  pass  through  it.  The  water  must  not  be  boiled,  too 
strongly  and  the  cloth  must  not  be  allowed  to  puff  up,  for  in  that 
case  it  will  become  distorted  and  afterward  an  unevenly  colored 
surface  will  be  obtained.  After  boiling  for  three  or  four  minutes 
sulphuric  acid  (1:5)  is  cautiously  added,  drop  by  drop,  to  the 
contents  of  the  flask  (3  c.c.  for  each  0.1  gm.  of  iron)  through  the 
funnel  T.  The  evolution  of  hydrogen  sulphide  begins  at  once 
and  is  recognized  by  the  cadmium  acetate  cloth  becoming  yellow. 
After  the  acid  has  all  been  added,  the  boiling  is  continued  until 
there  is  no  more  gas  evolved  from  the  substance,  and  then  for 
ten  minutes  more  in  order  to  completely  expel  it  from  the  solu- 
tion. 

The  piece  of  cloth  is  now  removed  and  placed  upon  a  piece  of 
white  filter-paper,  so  that  the  side  which  was  toward  the  flask  is  on 
top.  In  the  same  way  a  scale  of  six  different  shades  is  prepared 
corresponding  to  the  following  table: 


Tint  No.  1. 

Amount 

Wei^d 

Out. 

Per  Cent 
Sulphur 
Present. 

0-8 

0 

0025 

0-4 

0 

005 

0-2 

0 

010 

01 

0 

020 

008 

0 

-025 

004 

0 

050 

002 

0 

100 

Tint  No.  2. 
0-8 

0 

005 

0-4 

0 

■010 

0-2 

0 

020 

01 

0 

040 

008 

0 

050 

004 

0 

100 

002 

0 

200 

Tint  No.  3. 
0-8 

0 

■01 

04 

0 

02 

0-2 

0 

04 

01 

0 

08 

008 

0 

10 

004 

0 

20 

002 

0 

40 

Tint  No. 

4. 

Amount 

Weighed 

Out. 

Per  Cent 
Sulphur 
Present. 

08 

0015 

0-4 

0  030 

0-2 

0060 

01 

0120 

003 

0150 

0-04 

0-300 

002 

0-600 

Tint  No. 

5, 

0-8 

0025 

0-4 

0050 

0-2 

0100 

01 

0-200 

008 

0-250 

004 

0-500 

002 

1000 

Tint  No. 

6. 

0-8 

0035 

0-4 

0-070 

0-2 

0-140 

01 

0-280 

008 

0-350 

0-04 

0-700 

0-02 

1-400 

276     GRAVIMETRIC  DETERMINATION  OF  THE  METALLOIDS, 

To  illustrate  the  use  of  this  table,  suppose  we  wish  to  prepare 
the  scale  f^m  a  sample  of  steel  containing  exactly  0.17  per  cent, 
of  sulphur.  How  much  of  it  should  be  weighed  out  in  order  to 
prepare  Tint  No.  1? 

From  the  table  we  know  that  this  shade  can  be  prepared  by 
weighing  out  0.8  gm.  of  an  iron  containing  0.0025  per  cent,  sul- 
phur, and  it  follows  from  what  has  been  said: 

0.8X  0.0025  =  xX  0.017 

0.8X0.0025     ^^..^ 

^ 0017- =^-^^^^^' 

We  must,  therefore,  weigh  out  0.0117  gm.  of  the  steel  in  order 
to  prepare  Tint  No.  1. 

In  the  same  way  the  amount  necessary  to  produce  Tint  No.  2 
will  be  found  to  be  0.0235  gm.,  etc.  For  the  determination  proper, 
from  0.1-0.8  gm.  of  the  substance  (according  to  its  supposed  sul- 
phur content)  is  weighed  out  and  treated  in  the  same  way.  If 
with  a  sample  of  0.2  gm.  a  shade  corresponding  to  Tint  No.  5  is 
obtained,  the  table  shows  us  that  0.1  per  cent,  of  sulphur  is  present. 

Remark. — ^The  above  process  is  very  simple  and  to  be  recom- 
mended in  case  a  large  number  of  sulphur  determinations  are  to  be 
made,  as  is  the  case  in  iron  and  steel  laboratories.  For  a  single 
determination,  however,  it  is  quicker  to  use  one  of  the  other  methods 
unless  a  scale  is  already  at  hand.  These  standard  shades,  how- 
ever, can  be  purchased  from  dealers  in  chemicals. 

IV.  Determination  of  Sulphur  in  Insoluble  Sulphides. 

For  this  analysis  the  sulphur  is  either  oxidized  to  sulphuric 
acid  and  determined  as  barium  sulphate,  or  the  sulphide  is  acted 
upon  in  a  suitable  apparatus  with  nascent  hydrogen,  whereby  the 
sulphur  is  evolved  as  hydrogen  sulphide  and  is  absorbed  by  one  of 
the  above-described  methods. 

The  oxidation  of  the  sulphide  can  take  place: 

(a)    In  the  Dry  Way, 
lb)    In  the  Wei  Way. 


DETERMINATION  OF  SULPHUR  IN  INSOLUBLE  SULPHIDES.      277  . 

(a)  oxidation  in  the  dry  way. 

1 .  Fresenius'  Method :  Fusion  vxUh  Sodium  Carbonate  and 

Potassium  Nitrate, 

The  extremely  finely  powdered  sulphide  is  intimately  mixed 
in  a  spacious  porcelain  crucible  with  twelve  times  aa  much  of  a 
mixture  of  four  parts  sodium  carbonate  and  one  part  potassium 
nitrate,  covered  with  a  thin  layer  of  the  mixture  and  heated  at 
first  gently,  then  gradually  increasing  the  temperature  until  the 
contents  of  the  crucible  are  melted ;  it  is  then  kept  at  this  tempera- 
ture for  fifteen  minutes.  After  cooling,  the  melt  is  extracted  with 
water,  filtered,  the  residue  boiled  with  pure  sodium  carbonate 
solution  and  finally  washed  with  water  to  the  disappearance  of 
the  alkaline  reaction.  The  filtrate  is  treated  in  a  covered  beaker 
with  an  excess  of  hydrochloric  acid,  boiled  to  expel  the  carbon 
dioxide,  and  evaporated  with  the  frequent  addition  of  hydrochloric 
acid  until  all  the  nitrate  present  is  destroyed.  During  the  evapora- 
tion, silicic  acid  often  separates  out  and  must  be  filtered  off.  When 
no  more  odor  of  chlorine  can  be  detected  from  the  boiling  solution, 
it  is  diluted  to  a  volume  of  about  300  c.c.  and  precipitated  hot 
with  a  boiling  barium  chloride  solution. 

Remark. — ^This  is  the  mast  reliable  method  for  determining 
the  total  amount  of  sulphur  in  insoluble  sulphides  and  ser\''es  for 
testing  values  obtained  by  other  methods. 

It  is  important,  however,  to  conduct  the  fusion  in  such  a  man- 
ner that  none  of  the  combustion  products  of  the  sulphur  in  the 
illuminating-gas  comes  in  contact  with  the  contents  of  the  crucible. 
This  is  accomplished,  as  suggested  by  Lowe,*  by  placing  the  cruci- 
ble in  an  inclined  position  within  a  hole  in  a  piece  of  asbestos  board. 

2.  Method  of  Bockmann, 

In  order  to  avoid  the  tedious  operation  of  destroying  the  nitrate 
which  is  necessary  in  the  method  of  Fresenius,  Bockmann  fuses  0.5 
gm.  of  the  substance  with  25  gms.  of  a  mixture  of  six  parts  sodium 
carbonate  and  one  part  potassium  chlorate.  The  contents  of  the 
crucible  are  heated  gently  at  first  and  finally  until  there  is  no  more 

*  Zeit.  f.  anal.  Chem.  XX  (1881),  p.  224. 
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evolution  of  oxygen.  After  cooling  the  melt  is  .extracted  with 
water,  the  filtrate  acidified  with  hydrochloric  acid  and  precipitated 
at  a  boiling  temperature  with  barium  chloride.. 

This  method  is  held  to  be  less  accurate  than  that  of  Fresenius, 
but  according  to  the  author's  experience  it  is  equally  good. 

3.  Oxidation  by  Chlorine  (Roae). 

This  very  important  method  is  used  less  to  determine  the  amount 
of  sulphiu:  present  in  insoluble  sulphides  than  it  is  to  e£fect  the 
solution  of  the  sulphide  for  the  separation  and  determination 
of  the  metals.  As  an  example  of  this  sort  of  an  analysis  we  will 
consider  the 

Analysis  of  Tetrahedrite  (Fahlerz). 

Tetrahedrite  is  a  sulphonsalt  corresponding  to  the  general  for- 
mula 4MS-R2S3  in  which  M  is  Cu„  Ag,,  Fe,  Zn,  or  Hg,,  and  R  is 
As,  Sb,  or  Bi. 

From  0.5-1  gm.  of  the  finely-powdered  mineral  is  introduced 
by  means  of  a  long  weighing-tube  into  the  bulb  of  the  tube  R,  Fig.  45, 
which  is  30  cm.  long  and  1^  cm.  wide  and  made  of  difficultly  fusible 
glass. 


Fio.  45. 

In  the  receivers  V  and  Z  are  placed  about  100  c.c.  of  hydrochloric 
acid  (1 :4)  to  which  3.5  gms.  of  tartaric  acid  have  been  added,  and  a 
slow  but  steady  stream  of  chlorine  *  is  conducted  through  the  appa- 
ratus. 

*  Xhe  chlorine  is  generated  in  a  Kipp  apparatus  from  chloride  of  lime  and 
hydrochloric  acid.  In  order  to  purify  the  gas  it  is  passed  through  the  wash- 
bottles  AjB,  and  C.    The  first  contains  water  and  the  other  two  contain  con- 


DETERMINATION  OF  SULPHUR  IN  INSOLUBLE  SULPHIDES,      279 

As  soon  as  the  chlorine  reaches  the  substance  in  R,  the  decom- 
position begins.  The  contents  of  R  become  heated  and  the  volatile 
chlorides  collect  in  the  front  part  of  the  tube.  When  the  action 
begins  to  diminish,  the  decomposition  is  assisted  by  heating  R 
with  a  small  flame  kept  in  constant  motion.  The  heating  is  con- 
tinued until  only  brown  vapors  of  ferric  chloride  are  given  off;  as 
little  as  possible  of  these  should  pass  into  the  receiver.  The  easily 
volatile  chlorides,  however,  are  driven  over  into  V  as  much  as 
possible  by  carefully  heating  with  the  flame.  After  allowing  to 
cool  in  an  atmosphere  of  chlorine,  the  tube  R  is  broken  by  flrst 
scratching  with  a  file  near  the  drawn-out  part  and  then  touch- 
ing it  with  a  hot  glass  rod.  Over  each  of  the  open  ends  of  the 
tube  a  clean,  moist  test-tube  is  placed  and  allowed  to  stand  this 
way  overnight;  in  this  way  the  sublimate  absorbs  water  and  can 
be  easily  washed  off  in  the  morning.  The  contents  of  V  and  Z 
are  poured  into  a  beaker  and  the  drawn-out  part  of  R  is  washed  out 
with  hydrochloric  acid  containing  tartaric  acid. 

The  Residue  A 

consists  of  silver,  lead,  and  copper  chlorides,  almost  all  of  the  zinc, 
lead,  considerable  amounts  of  iron,  and  the  gangue. 

The  Solvium  B 

-contains  all  of  the  sulphur  as  sulphuric  acid,  the  bismuth  as  chloride, 
the  arsenic  and  antimony  as  their  pentoxide  compounds,  a  part 
of  the  iron  and  zinc  and  often  small  amounts  of  lead. 

TrecUment  of  the  Residue  A, 

This  is  warmed  for  a  long  time  with  dilute  hydrochloric  acid, 
•diluted  with  water,  allowed  to  settle,  and  the  residue  consisting  of 
silver  chloride  and  the  gangue  is  filtered  off,  washed  thoroughly 
with  hot  water  in  order  to  make  sure  that  all  lead  chloride  is  re- 
moved, treated  with  ammonia  on  the  filter  and  the  silver  precipi- 
tated from  the  ammoniacal  filtrate  by  acidifying  with  hydrochloric 
acid,  and  determined  as  the  chloride.  The  residue,  insoluble  in 
ammonia,  is  ignited  wet  in  a  platinum  crucible  and  weighed. 

<centrated  sulphuric  acid.  It  is  also  well  to  introduce  a  calcium  chloride  tube 
filled  with  pieces  of  calcite  between  C  and  R  in  order  to  remove  traces  of  acid. 
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Into  the  filtrate  from  the  silver  chloride,  hydrogen  sulphide  is 
passed  until  the  solution  is  saturated  with  the  gas,  the  precipitate 
consisting  of  copper  and  lead  sulphides  is  filtered  off,  and  the  lead 
separated  from  the  copper  as  sulphate  according  to  p.  160.  The 
filtrate  from  the  hydrogen  sulphide  precipitate  is  combined  with 
that  obtained  from  Solution  B  after  hydrogen  sulphide  has  been 
passed  into  it. 

Treatment  of  Sdution  B. 

A  stream  of  carbon  dioxide  is  passed  through  the  solution  for 
some  time  in  order  to  remove  the  greater  part  of  the  excess  of  chlo- 
rine, and  hydrogen  sulphide  is  then  passed  into  it  at  the  tempera- 
ture of  the  water-bath.  The  precipitate,  consisting  of  sulphides 
of  arsenic,  antimony,  mercury,  and  possibly  bismuth,  is  filtered 
off  after  standing  twelve  hours,  and  the  arsenic  and  antimony 
separated  from  the  mercury  and  bismuth  by  means  of  ammonium 
sulphide  as  described  on  p.  177.  From  the  ammonium  sulphide 
solution  the  arsenic  and  antimony  are  precipitated  by  acidifying 
with  dilute  hydrochloric  or  sulphuric  acid,  the  precipitated  sul- 
phides filtered  off  and  the  arsenic  separated  from  the  antimony  as 
described  on  p.  181  et  seq. 

The  precipitate  insoluble  in  ammonium  sulphide  usually  consists 
almost  entirely  of  mercuric  sulphide  and  sulphur,  in  which  case 
it  is  washed  first  with  alcohol,  then  a  few  times  with  carbon 
bisulphide,  then  with  alcohol  again,  dried  at  100^  C.  (preferably 
in  a  Paul's  drying-oven)  and  weighed.  If  bismuth  is  present,  how- 
ever, the  mixture  of  the  two  sulphides  is  treated  with  nitric 
acid  of  sp.  gr.  1.2-1.3,  boiled,  an  equal  volume  of  water  added, 
the  residue  filtered  and  the  bismuth  determined  in  the  filtrate 
according  to  p.  141,  while  the  mercury  is  determined  as  above 
described. 

The  filtrate  from  the  hydrogen  sulphide  precipitate  contains 
iron  and  zinc  and  is  combined  with  the  corresponding  filtrate 
from  the  Residue  A,  which  likewise  contains  these  metals.  These 
are  precipitated  by  the  addition  of  ammonia  and  ammonium 
sulphide,  filtered  off,  dissolved  in  hydrochloric  acid,  the  solution 
oxidized  with  nitric  acid,  and  the  iron  separated  from  the  zinc, 
preferably  by  the  barium  carbonate  method  (see  p.  121). 
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It  is  best  to  determine  the  sulphur  in  a  separate  portion  by 
fusion  with  sodium  carbonate  and  potassium  nitrate  as  described 
on  p.  277. 

The  determination  of  the  sulphur  in  an  aliquot  part  of  the 
Solution  B  is  not  to  be  recommended  on  account  of  the  fact  that 
the  metals  present  are  likely  to  contaminate  the  precipitate  of 
barium  sulphate. 

(b)  oxidation  op  sulphur  in  the  wet  way. 

For  this  purpose  aqua  regia,  fuming  nitric  acid,  hydrochloric 
acid  and  potassium  chlorate,  and,  in  some  cases,  anmioniacal 
hydrogen  peroxide  have  been  proposed. 

Aqua  regia  is  most  frequently  used  in  practice  and  in  the  pro- 
portion first  recommended  by  J.  Lefort,*  viz.,  3  volumes  of  nitric 
acid  of  sp.  gr.  1.4  and  1  volume  of  hydrochloric  acid  of  sp.  gr.  1.2. 
As  an  example  we  will  cite  the 

Determination  of  Sulphur  in  PyriUj  G,  Lungers  Method, 

About  0.5  gm.  of  pyrite,  which  has  been  ground  as  fine  as  possible 
and  passed  through  bolting-cloth,  is  weighed  into  a  300-c.c.  beaker, 
treated  with  10  c.c.  of  the  above  mixture  of  nitric  and  hydrochloric 
acids,  and  covered  with  a  watch-glass.  The  decomposition  usually 
takes  place  immediately  with  evolution  of  brown  fumes  of  nitrogen 
peroxide.  If,  however,  the  action  does  not  begin  of  itself,  it  is 
started  by  gently  heating  the  solution,  after  which  the  flame  is 
quickly  removed.  As  a  rule  the  sulphide  is  decomposed  rapidly 
without  deposition  of  sulphur.  If,  however,  sulphur  should 
separate  out,  it  is  brought  into  solution  by  the  careful  addition 
of  a  very  little  potassium  chlorate.  When  everything  except 
the  light-colored  gangue  has  been  dissolved,  the  solution  is  trans- 
ferred to  a  porcelain  dish,  heated  to  boiling,  and  evaporated  on 
the  water-bath  to  dryness  (in  order  to  remove  the  greater  part 
of  the  nitric  acid).  .  The  dry  mass  is  moistened  with  1  c.c.  of 
hydrochloric  acid,  100  c.c.  of  water  are  added,  and  the  gangue, 
consisting  of  quartz,  silicates,  and  possibly  traces  of  lead  and  barium 

*  J.  de  Pharm.  et  de  Chimie  [IV],  Vol.  9,  p.  99,  and  Zeit.  fur  anal.  Chem. 
DC,  p.  81. 
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sulphateS;  is  filtered  off.    If  the  amount  of  insoluble  matter  is 
small,  then  it  is  not  necessary  to  filter  at  this  point. 

The  solution  should  not  be  precipitated  immediately  with 
barium  chloride  (cf .  p.  368) ;  it  must  be  freed  first  from  iron  by 
precipitation  with  ammonia  and  the  sulphuric  acid  determined 
in  the  filtrate  free  from  iron. 

To  separate  the  iron,  the  cold  solution  is  treated  with  an  excess 
of  ammonia  in  the  cold  (to  prevent  the  formation  of  a  basic  ferric 
sulphate),  and  afterward  heated  to  the  boiling-point  *  with  constant 
stirring.  The  precipitate  is  allowed  to  settle,  the  clear  liquid  poured 
through  a  filter,  and  the  precipitate  is  then  transferred  to  the  filter 
and  thoroughly  washed  with  hot  water,  so  that  the  precipitate  is 
well  churned  up  by  the  operation.  The  washing  is  continued  until 
1  or  2  c.c.  of  the  filtrate  will  give  no  turbidity  with  barium  chloride 
after  standing  several  minutes.  The  filtrate,  together  with  the^ 
wash  water,  usually  amoimts  to  200-300  c.c,  but  in  case  its  volume 
is  greater  than  this,  it  should  be  concentrated  by  evaporation. 
It  is  acidified  with  hydrochloric  acid,  heated  to  boiling,  and  pre- 
cipitated with  a  boiling  solution  of  normal  bariimi  chloride,  of 
which  9  c.c.  should  be  sufficient  for  0.5  gm.  pyrite.  After  stand- 
ing for  half  an  hour  on  the  water-bath,  the  clear  supernatant 
liquid  is  poured  through  a  filter,  and  the  residue  is  washed  four 
times  by  decantation  each  time  with  100  c.c.  of  boiling  water.  It 
is  then  transferred  to  the  filter,  and  washed  with  hot  water,  until 
5  c.c.  of  the  filtrate  will  show  no  turbidity  with  sulphuric  acid. 
It  is  ignited  wet  in  a  platinum  crucible  and  weighed. 

Remark, — ^The  results  obtained  by  this  method  are  entirely 
satisfactory.    The  author,  after  comparison  with  all  other  methods 


*  After  the  solution  is  made  alkaline  with  ammonia  it  can  be  heated  to 
boiling  without  any  danger  of  forming  a  basic  ferric  sulphate.  The  latter 
would  be  formed  if  the  weakly  acid  solution  were  boiled.  Even  when  the 
pyrite  contained  considerable  copper,  the  author  has  never  found  sulphuric 
acid  in  the  anunonia  precipitate  when  the  above  directions  were  followed.  In 
the  interest  of  accuracy,  however,  the  ammonia  precipitate  should  always  be 
tested  for  sulphur.  To  accomplish  this,  the  dried  precipitate  is  fused  with 
sodium  carbonate  (free  from  sulphur)  in  a  platinum  crucible,  the  melt  is 
extracted  with  water  and  any  sulphuric  acid  present  b  determined  as  barium 
sulphate  after  acidifying  with  hydrochloric  acid. 
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that  have  been  proposed  for  this  deteraiination,  has  found  it  in  all 
<sases  as  accurate,  and  in  many  cases  more  acpurate,  while  it  is 
much  more  rapidly  accomplished.  In  a  few  cases  the  Lunge 
method  was  found  to  ^ve  slightly  lower  results  than  that  of  Fre- 
«enius,  but  only  when  barium  or  considerable  amoimts  of  lead 
were  present.  In  such  cases  the  barium  and  some  of  the  lead  is 
left  behind  as  sulphate  in  the  insoluble  residue  and  escapes  the 
determination;  but  it  is  precisely  this  sulphur  which  it  is  not  desired 
to  determine  in  a  technical  analysis,  for  it  is  worthless.  Accord- 
ing to  the  Fresenius  method-  all  the  sulphur  is  determined  irre- 
49pective  of  how  it  may  be  combined.  For  this  reason  the  latter 
method  possesses  a  certain  advantage  for  scientific  purposes  and  a 
disadvantage  for  technical  work. 

As  excellent  as  the  Lunge  method  is  for  the  analysis  of  pyrites, 
it  is  altogether  xmsuited  for  the  determination  of  the  sulphur  pres- 
ent in  copper  sulphide  ores.  In  the  first  place  the  filtrate  from 
the  ammonia  precipitate  contains  so  much  copper  that  the  barium 
sulphate  will  be  impiure,  and,  what  is  still  worse,  the  former  pre- 
cipitate usually  contains  very  appreciable  amoimts  of  a  basic 
copper  sulphate  so  that  it  is  necessary  to  redissolve  it  in  hydro- 
chloric acid  and  repeat  the  precipitation  with  ammonia  two  or 
three  times.  In  this  way  a  large  volume  of  wash  water  is  obtained 
which  requires  a  tedious  evaporation.  In  such  cases  it  is  far 
better  to  make  the  analyBis  by  means  of  the  Fresenius  method. 
As  a  rule,  the  oxidation  of  the  sulphur  to  sulphuric  acid  in  the  dry 
way  is  to  be  preferred  to  that  in  the  wet  way,  for  in  the  former  case 
the  sulphuric  acid  is  obtained  as  alkali  sulphate,  free  from  other 
metals,  which  is  a  great  advantage  (cf.  Sulphuric  Acid). 

In.  spite  of  the  enormous  oxidizing  power  of  the  mixture  of 
nitric  and  hydrochloric  acids,  it  is  not^  sufficient  for  the  analysis 
of  roasted  pyrite,  because  part  of  the  sulphur  present  in  this 
case  escapes  as  hydrogen  sulphide  (cf.  Lunge's  ''Alkali  Makers' 

Handbook"). 
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(C)    EXPULSION   OF  HYDROGEN  SULPHIDE  FROM  INSOLUBLE 

SULPHIDES. 

(a)  The  Iran  Method* 

In  1881,  M.  Groger  showed  that  by  heating  pyrite  with  iron 
out  of  contact  with  the  air  the  former  is  quantitatively  changed 
into  ferrous  sulphide, 

FeS,-f-Fe=2FeS, 

and  from  the  latter  all  of  the  sulphur  will  be  given  off  as  hydrogen 
sulphide  on  treatment  with  hydrochloric  acid.  In  1891  the  author 
independently  came  to  the  same  conclusion  and  worked  out  a 
method  which  permits  of  the  determination  of  sulphur  not  only 
in  pyrite  but  in  all  other  insoluble  sulphides. 

Procedure. — ^First  of  all  the  finely  powdered  sulphide  is  heated 
out  of  contact  with  the  air  with  iron  powder.  In  this  way 
part  of  the  sulphur  is  usually  given  up  to  the  iron,  and  the  com- 
pound itself  is  reduced  to  compounds  which  are  acted  upon  by 
hydrochloric  acid  with  evolution  of  hydrogen  sulphide;  the  latter 
is  absorbed  in  ammoniacal  hydrogen  peroxide  solution,  as  de- 
scribed on  p.  271.  The  heating  with  iron  is  accomplished  in  a 
small  glass  crucible  about  30  mm.  long  and  10  mm.  in  diameter 
(Fig.  43,  6),  which  can  be  easily  made  from  an  ordinary  piece  of 
combustion  tubing.  About  3  gms.  of  iron  powder  that  has  been 
previously  ignited  in  hydrogen  is  placed  in  the  crucible,  from  0.3- 
0.5  gm.  of  the  sulphide  is  thoroughly  mixed  with  it,  and  the  mix- 
ture is  finally  covered  with  a  thin  layer  of  iron  powder.  The  cru- 
cible is  now  placed  in  the  opening  of  the  piece  of  asbestos  board  A 
(Fig.  43,  h)  and  upon  it  is  placed  the  gas-delivery  tube  B  which  has 
been  prepared  from  difficultly  fusible  glass.  A  stream  of  dry 
carbon  dioxide  f  is  passed  through  the  apparatus  for  a  few  min- 

*  Berichte,  XXIV,  p.  1937. 

t  The  carbon  dioxide  is  prepared  from  marble  and  hydrochloric  acid  in  a 
Kipp  generator.  To  purify  the  gas  it  Is  passed  through  a  wash-bottle  con- 
taining water,  then  through  one  containing  potassium  permanganate,  then 
through  a  tube  filled  with  pumice  soaked  in  copper  sulphate  solution,  and 
finally  through  a  calcium  chloride  tube.  Potassium  permanganate  and  cop- 
per sulphate  serve  to  remove  traces  of  hydrogen  sulphide  that  the  carbon 
dioxide  might  contain. 
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utes  and  the  crucible  is  gently  heated  with  a  small  flame.  Usu- 
ally there  is  a  distinct  glowing  visible,  but  no  trace  of  the  sulphur 
is  lost  by  volatilization.  As  soon  as  the  contents  of  the  crucible 
have  ceased  to  glow,  the  temperature  is  raised  until  a  dull-red  heat 
is  obtained,  and  the  crucible  is  kept  at  this  temperature  for  ten 
minutes. 

After  cooling  in  the  carbon  dioxide,  the  crucible  together  with 
its  contents  is  placed  in  the  400-c.c.  flask  K  and  is  connected  with 
the  absorption  vessels  Vand  P  as  shown  in  the  figure.  The  rest 
of  the  procedure*is  carried  out  as  described  on  p.  271. 

Remark, — Commercial  iron  powder  always  contains  a  small 
amount  of  sulphur,  so  that  a  blank  experiment  is  first  made  with 
a  weighed  amount  of  the  same,  and  for  the  experiment  proper  the 
same  amount  of  iron  is  used.  The  amount  of  sulphur  found  to 
be  present  in  the  iron  is  subtracted  from  the  amount  found  in 
the  analysis. 

The  author  was  disappointed  in  not  being  able  by  this  method 
to  distinguish  between  the  sulphur  present  in  insoluble  sulphides 
as  sulphide  and  that  present  as  sulphate  (barium  sulphate).  If 
the  amount  of  sulphate  present  is  small,  it  is  completely  reduced 
to  sulphide  by  this  method,  while  if  a  large  amount  of  sulphate 
is  present,  it  is  often  only  partially  reduced.  As,  however,  the 
amount  of  barium  sulphate*  present  in  insoluble  sulphides  is 
usually  small,  this  method  serves  for  the  determination  of  the 
total  amount  of  sulphur. 

(6)  The  Tin  Method.^ 

Principle. — ^Almost  all  insoluble  sulphides  on  being  treated 
with  metallic  tin  and  concentrated  hydrochloric  acid  give  off  all 
their  sulphur  as  hydrogen  sulphide.  Harding,  {  who  first  studied 
this  method,  used  tin  and  hydrobromic  acid. 

Procedure. — Into  the  evolution  tube  (Fig.  46),  which  is  20  cm. 
long  and  2.5  cm.  widie,  is  placed  a  layer  of  finely-powdered  tin  (g) 
about  0.5  cm.  thick.  Upon  this  the  substance  is  placed  enclosed 
in  tinfoil  (s)  and  then  a  layer  of  granulated  tin  about  6  cm.  deep 

*  Barium  sulphate  alone  is  reduced  with  difficulty, 
t  Berichte,  XXV.  p.  2377. 
X  Berichte,  XIV,  p.  20S5. 
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(Z)  is  added.    A  current  of  pure  hydrogen  is  conducted  through 
the  apparatus  for  about  five  minutes,  after  which  the  stop-cock 


Fio.  46. 

is  ciceed  and  the  tube  connected  with  the  receiver  P  and  V,  as 
shown  in  the  figure.  The  flask  V  contains  an  anunoniacal  solution 
of  hydrogen  peroxide,  while  P  contfuns  2  to  3  cm.  of  water  in  onlor 
to  remove  any  stannous  chloride  that  may  be  carried  over  with 
the  gas.  Concentrated  hydrochloric  acid  is  now  added  through 
the  drop-funnel  until  the  tin  is  at  the  most  half  covered  with  the 
acid.  The  contents  of  the  tube  are  then  warmed  slightly,  prefer- 
ably by  placing  it  in  a  small  paraffin  bath.  The  capsule  of  tin 
soon  dissolves,  and  the  substance  is  seen  to  be  floating  in  the  acid. 
It  dissolves  after  about  fifteen  minutes,  and  the  acid  becomes 
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perfectly  clear.  The  heating  is  now  continued  until  there  is  no 
more  yellow  coloration  to  be  detected  in  the  delivery-tube  which 
dips  into  the  receiver  V.  More  acid  is  then  added  to  the  contents 
of  the  tube,  until  the  tin  is  completely  covered  with  it  and  the 
heating  is  continued  for  half  an  hour,  meanwhile  first  heating 
the  contents  of  P  to  boiling  and  passing  a  current  of  hydrogen 
through  a.  By  this  means  all  of  the  sulphur  will  be  driven  over 
into  V  *  and  is  there  held  in  solution  as  ammonium  sulphate  and 
analyzed  as  described  on  p.  273. 

Remark. — ^This  method  affords  an  accurate  means  for  deter- 
mining the  sulphur  present  in  insoluble  sulphides  as  sulphide  in 
the  presence  of  sulphate.  Thus  the  amoimt  of  pyrite  in  clay-slate 
that  contains  gypsmn  can  be  determined  by  this  method,  although 
usually  the  treatment  with  aqua  regia  or  fusion  with  soda  and 
nitre  is  used.  By  these  last  two  methods,  however,  the  total  sulphur 
is  determined.  More  accurate  values  for  the  pyrite  present  in  such 
cases  may  be  obtained  by  decomposition  in  fi,  current  of  chlorine 
(see  p.  278),  in  which  case  only  the  sulphide  sulphur  is  determined. 

Finally,  it  may  be  mentioned  that  arsenic  sulphide  may  be  de- 
composed by  the  above  method,  although  a  longer  time  is  required 
than  is  the  case  with  pyrite,  copper,  chalcopyrite,  galena,  cinnabar, 
etc.  Arsenopyrite,  on  the  other  hand,  is  either  unacted  upon  or 
only  decomposed  with  difficulty,  while  the  iron  method  effects  the 
decomposition  with  ease. 

Determination  of  Sulphur  in  Non-electrolytes. 

In  order  to  determine  the  amount  of  sulphur  present  in  organic 
compounds,  it  is  oxidized  to  sulphuric  acid  and  determined  as 
barium  sulphate. 

The  oxidation  is  effected 

(a)  In  the  Wet  Way. 

(b)  In  the  Dry  Way. 

(a)  Oondation  in  the  Wet  Way  (Carius). 
This  operation  is  conducted  in  precisely  the  same  manner  as 
was  described  on  p.  248  for  the  determination  of  halogens,  except 

♦  With  large  amounts  of  sulphur,  one  receiver  is  often  insufficient.  In 
such  cases  the  tube  b  is  connected  with  a  Pdligot  tube  containing  ammoniacal 
hydrogen  peroxide  as  shown  in  Fig.  43,  p.  272. 
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in  this  case  there  is  no  silver  nitrate  added  to  the  contents  of  the 
tube.  After  the  closed  tube  has  been  heated  and  opened,  its 
contents  are  transferred  to  a  beaker,  hydrochloric  acid  is  added, 
and  the  liquid  is  evaporated  to  a  small  volume  in  order  to  remove 
the  nitric  acid ;  it  is  then  diluted  with  water  to  a  volume  of  about  200 
c.c.  and  precipitated  hot  with  a  boiling  solution  of  barium  chloride 
and  weighed  as  barium  sulphate. 

(6)  Oxidation  in  the  Dry  Way  (Liebig). 

A  mixture  of  eight  parts  potassium  hydroxide  (free  from  sul- 
phate) and  one  part  of  potassium  nitrate  is  melted  in  a  large  silver 
crucible  with  the  addition  of  a  little  water.  After  cooling,  a  weighed 
amount  of  the  substance  is  added  and  the  contents  of  the  crucible 
again  heated  very  gradually,  frequently  stirring  the  mixture  with 
a  silver  wire  until  the  organic  substance  is  completely  decomposed. 
After  cooling,  the  melt  is  dissolved  in  water,  acidified  with  hydro- 
chloric acid  and  the  sulphuric  acid  formed  is  precipitated  and 
weighed  as  barium  sulphate. 

This  method  is  particularly  suited  for  the  determination  of  sul- 
phur present  in  difficultly  volatile  substances,  e.g.,  in  wood-cements, 

CH, 

Acetic  Acid,  |         .    Mol.  Wt.  60.04. 

COOH 

Free  acetic  acid  is  always  determined  volumetrically.  For 
the  analysis  of  acetates,  the  substance  is  heated  with  phosphoric 
acid  when  the  free  acetic  acid  distils  over  and  is  then  titrated 
(cf.  Part  II,  Acidimetry).  The  carbon  and  hydrogen  of  the  acetate 
can  be  determined  by  Elementary  Analysis  (which  see). 

CYANIC  ACID,  HOCN.     Mol.  Wt.  43.05. 

The  only  method  for  examining  cyanates  consists  of  deter- 
mining the  amount  of  carbon  and  nitrogen  present  by  a  combus- 
tion (see  Elementary  Analysis). 

Determination  of  Cyanic  Acid,  Hydrocyanic  Acid,  and  Carbonic 
Acid  in  a  Mixture  of  their  Potassium  Salts. 

In  one  portion  of  the  substance  the  carbonic  acid  is  deter- 
mined by  the  addition  of  calcium  chloride  to  the  ammoniacal  solu- 
tion and  weighing  the  ignited  precipitate  as  calcium  oxide. 
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In  a  second  portion  the  cyanogen  of  the  cyanide  is  deter- 
mined as  silver  cyanide  by  treating  the  aqueous  solution  with  an 
excess  of  silver  nitrate,  then  acidifying  with  nitric  acid  and  deter- 
mining the  weight  of  the  silver  cyanide  as  described  on  p.  259. 

In  a  third  portion  the  potassium  is  determined  by  evaporating 
with  sulphuric  acid  and  weighing  the  residue  of  potassium  sulphate 
as  described  on  p.  ?8.  If  from  the  total  amount  of  potassium 
present  the  amount  present  as  potassium  carbonate  and  potassium 
cyanide  is  deducted/  the  difference  gives  the  amount  of  potassimn 
combined  with  the  cyanic  acid. 

HYPOPHOSPHOROUS  ACID,  H,PO,.     Mol.  Wt.  66.03. 

Forms:  Mercurous  Chloride,  HgsCl,;  Magnesium  Pyrophosphate, 

Mg,PA- 
(a)  Determination  as  Mercurous  Chloride. 

The  solution  of  the  salt,  which  is  slightly  acid  with  hydro- 
chloric acid,  is  treated  with  an  excess  of  mercuric  chloride;  by 
this  means  insoluble  mercurous  chloride  is  precipitated.  After 
standing  for  twenty-four  hours  in  a  warm,  dark  place  the  precip- 
itate is  filtered  through  a  Gooch  crucible,  washed  with  water 
dried  at  110°  C,  and  from  the  weight  of  the  mercurous  chloride  the 
amount  of  hypophosphorous  acid  present  is  calculated  as  follows: 

H,POa  +  2H,0 + 4HgCl3  =  2Hg,Cl,  +  4HC1  +  "R^O^ 

2Hg,Cl,:H,P0,=  p:x 
,    H3PO3.P 
2Hg,Cl, 

in  which  p  is  the  weight  of  the  HgjCl,  obtained  in  the  anal3rsis, 

(Jb)  Determination  as  Magnesium  Pyrophosphate. 

First  of  all,  the  phosphorous  acid  is  converted  into  phosphoric 
acid  by  adding  5  c.c.  of  concentrated  nitric  acid  to  the  aqueous 
solution  of  from  0.5-1  gm.  of  the  substance  in  about  100  c.c.  of 
water.*  evaporating  on  the  water-bath  to  a  small  volume,  adding 
a  few  drops  of  fuming  nitric  acid  and  again  heating.  After  this  the 
phosphoric  acid  is  precipitated  by  magnesia  mixture  and  the  pre- 

*■■■■■>*  ■■--  Mil  ■■^■■1  II  11  ^^^^__  ,      ,  ^ 

♦  If  the  hypophosphite  were  treated  with  nitric  acid,  metaphosphoric 
acid  would  be  obtained;  by  the  addition  of  water  the  ortho-salt  is  formed. 
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cipitate  is  weighed  as  magnesium  pyrophosphate  as  described 
imder  Phosphoric  Acid. 

GROUP  in, 

SULPHUROUS,  SELENOUS,  TELLUROUS,  PHOSPHOROUS.  CAR- 
BONIC, OXALIC,  IODIC,  BORIC,  MOLYBDIC.  TARTARIC,  META- 
AND  PYROPHOSPHORIC  ACIDS. 

Sulphurous  Acid,  H^O,.    MoL  Wt.  82.08. 

Form:  Bariuin  Sulphate,  BaSO^. 

The  sulphite  or  free  sulphm-ous  acid  is  first  oxidized  to  sul- 
phuric acid  and  then  precipitated  with  barium  chloride. 

The  oxidation  can  be  accomplished  by  means  of  chlorine, 
bromine,  hydrogen  peroxide,  or  potassium  percarbonate. 

Oxidation  with  Chlorine  or  Bromine, 

Chlorine  or  bromine  water  is  allowed  to  flow  gradually  into 
the  aqueous  solution  of  sulphurous  acid,  or  of  a  sulphite,  the  excess 
of  the  reagent  is  subsequently  removed  by  boiling  and  the  sulphuric 
acid  is  precipitated  with  barium  chloride. 

Oxidation  with  Hydrogen  Peroxide  * 

The  solution  of  sulphurous  acid  or  of  a  sulphite  is  treated 
with  an  excess  of  ammoniacal  hydrogen  peroxide,  heated  to  boil- 
ing in  order  to  remove  the  excess  of  the  peroxide,  acidified  with 
hydrochloric  acid  and  precipitated  with  barium  chloride  after 
making  acid  with  hydrochloric  acid. 

With  potassium  percarbonate  a  similar  procedure  is  used. 
The  alkaline  solution  of  the  sulphite  is  treated  in  the  cold  with 
solid  potassium  percarbonate,  gently  heated,  after  which  the  tem* 
peratiu-e  is  gradually  raised  till  the  boiling-point  is  reached. 
The  solution  is  then  acidified  with  hydrochloric  acid  and  pre- 
cipitated with  barium  chloride. 

*  The  hydrogen  peroxide  must  always  be  tested  to  see  if  it  contains  sul- 
phuric acid;  if  it  is  found  to  be  present,  the  amount  is  determined  and 
afterward  an  accurately  measured  quantity  is  used  for  the  oxidation.  The 
amount  of  sulphuric  acid  from  the  peroxide  is  deducted  from  the  total  value 
found  in  the  analysis. 


PHOSPHOROUS  ACID,  api 

Sulphurous  acid  may  be  determined  very  accurately  by  a  volu- 
metric analysis  (cf.  Part  II,  lodimetry), 

Selenous  and  Tellurous  Acids. 

The  analysis  of  these  acids  was  discussed  under  Selenium  and 
Tellurium. 

Phosphorous  Acid,  HjPOj.    Mol.Wt.  82.03. 

Forms:  Mercurous  Chloride,  HgsCl,,  and  Magnesium  Pyro- 
phosphate, MgsP.Oj. 

This  determination  is  effected  exactly  as  that  of  hypophos- 
phorous  acid  (cf.  page  289). 

In  this  case,  however,  it  is  to  be  noted  that  1  mol.  Hg^Cl,  cor- 
responds to  1  mol.  H3PO  : 

H,PO«+2HgCaa+H,0«HaPO^+2Ha+H&Cl2, 

Determination  of  Phosphorous  and  Hypophosphorous  Acids. 

In  this  case  an  indirect  analysis  must  be  made.  After  oxidizing 
one  portion  of  the  substance  to  phosphoric  acid,  the  total  amoimt 
of  magnesium  pyrophosphate  is  found;  mercuric  chloride  is  allowed 
to  act  upon  a  second  portion  and  the  weight  of  the  mercurous 
chloride  formed  is  determined.  From  these  data  the  amount  of 
each  acid  present  can  be  calculated  as  follows: 

Suppose  we  have  a  solution  containing  the  two  acids.  Let  us 
denote  by  x  the  amount  of  hypophosphorous  acid  present  in  V  c.c. 
of  the  solution,  and  let  ox  represent  the  amount  of  mercurous 
chloride  produced  from  it  and  mx  the  amoimt  of  magnesium  p3rro- 
phosphate.  Further,  let  y  represent  the  amount  of  phosphorous 
acid  present  in  the  same  volume  of  the  solution  and  vy  the  cor- 
responding amount  of  mercurous  chloride  and  ny  that  of  mag- 
nesiutn  pyrophosphate.  The  total  amount  of  the  mercurous 
chloride  is  ^,  while  the  total  amount  of  magnesium  pyrophosphate 
is  p.    We  have  then 

mx-\-ny=^p 
ox-\-vy—q 
from  which  it  follows 

x^q—^ V — - —  =  g0.14004-p0.59294 
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and 

t/=p — q-^ p.  1.4733-a- 0.17399. 

^      on—mv      on—mv 

In  these  equations,  m,  n,  o,  and  v  have  the  following  values: 


I 


Carbonic  Acid,  HjCO,.    Mol.  Wt.  62.02. 

Carbonic  acid  is  determined  gravimetrically  as  (X),;  but  a 
more  accurate  determination  is  effected  by  expelling  this  gas  and 
measiu'ing  its  volume. 

I.  Gravimetric  Determination  of  Carbon  Dioxide. 

This  analysis  may  be  accomplished  in  two  ways.  First,  we 
may  weigh  the  substance,  expel  the  carbon  dioxide  and  then  weigh 
it  again,  when  the  difference  will  represent  the  amount  of  gas. 
Second,  the  carbon  dioxide  may  be  expelled  from  a  weighed 
amount  of  the  substance  and  then  absorbed  in  a  suitable  appa- 
ratus ;  in  this  case  the  carbon  dioxide  is  weighed  directly. 

A.    DETERMINATION    OF   CARBONIC  ACID   BY  DIFFERENCE. 

(cr)  Determination  in  the  Dry  Way, 

For  the  analysis  of  a  carbonate,  or  a  mixture  of  carbonates 
which  contains  no  volatile  constituent  other  than  the  carbon 
dioxide,  1  gm.  of  the  substance  is  weighed  into  a  platinum 
crucible  and  gradually  heated  to  a  high  temperature.*  In  case 
calcium,  strontium,  or  magnesium  is  present  a  final  heating  over 
the  blast-lamp  is  necessary,  while  with  other  carbonates  the  heat 
of  a  good  Teclu  burner  is  sufficient;  even  the  difficultly  decom- 
posable cadmium  carbonate  can  be  analyzed  by  this  method.  The 
carbonates  of  barium  and  the  alkalies,  on  the  other  hand,  do  not 
lose  their  carbon  dioxide  on  ignition. 

*  Carbonic  acid  cannot  be  determined  by  this  method  when  the  residual 
oxide  suffers  change,  as,  for  example,  in  the  case  of  FeCXDt  and  MnCOg  where 
an  oxidation  would  take  place. 


CARBONIC  ACID  BY  DIFFERENCE.  ^9* 

If  the  substance  contains  water  besides  carbon  dioxide  then 
the  sum  of  the  water+  carbon  dioxide  is  determined  by  the  loss  on 
ignition,  and  the  amount  of  carbon  dioxide  is  determined  in  a  sec- 
ond portion  by  {b). 

(b)  Determination  in  the  Wei  Way. 

Principle. — ^The  weighed  carbonate  is  placed  in  an  apparatus 
containing  acid,  but  in  such  a  way  that  the  former  does  not  at  first 
come    in   contact  with  the  latter.    The 
■whole  apparatus   is  then  weighed,  after 
which  the  acid  is  allowed  to  act  upon  the 
substance,  when  carbon  dioxide  is  evolved  ^ 
and  escapes  from  the  apparatus.    (Care 
must  be  taken  that  no  moisture  escapes 
with  the  gas.)     By  afterward  weighing 
the  apparatus  and  subtracting  this  weight 
from  that  first  obtained,  the  weight  of 
the  carbon  dioxide  is  ascertained. 

Procedure. — This  analysis  is  easily 
accomplished,  and  a  large  number  of 
different  fomos  of  apparatus  have  been 
devised  for  this  purpose.  In  this  book, 
however,  only  one  of  these  so-called  alka- 
limeters  will  be  described,  namely,  that 
of  Mohr,  which  in  an  improved  form  is 

shown  in  Fig.  47,  although  it  must  be  p 

stated  that  many  other  forms  (e.g.,  those 
of  Bunsen,*  Shrotter,  Gelssler,  Frese- 
nius-Will,  etc.)  answer  the  purpose  equal- 
ly  well.  ^'°-  *'■ 

The  alkalimeter  consists  of  the  small,  wide-mouthed,  flat-bot- 
tomed flask  F,  which  has  a  ground-glass  connection  with  the  tubes 

*In  the  Germ&Q  edition  of  this  book,  Buoaen's  alkalimcter  is  described 
instead  of  Mohr's.  The  above  apparatus  has  the  advantage  of  having  a  stop- 
cock to  separate  the  acid  compartment  from  the  fiask,  besides  having  a  flat 
bottom,  upon  which  it  will  rest  unsupported.  It  is  all  made  of  very  thin 
glass  and  weighs  comparatively  little. 
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A  and  B.  At  the  bottom  of  -^  is  placed  a  loose  wad  of  cotton;  a 
cylinder  of  glazed  paper  about  3  cm.  >vide  is  introduced  into  the 
neck  of  the  tube,  and  through  this  cylinder  some  pieces  of  sifted 
calcium  chloride*  are  poured.  The  paper  cylinder  is  removed 
after  the  tube  is  about  three-quarters  full  of  calcium  chloride,  and 
care  is  taken  to  see  that  none  of  the  latter  adheres  to  the  glass 
above  the  filled  portion.  Another  wad  of  cotton  is  then  placed 
in  the  tube,  the  top  is  placed  upon  it,  and  the  tube  is  closed  tempo- 
rarily at  d  by  means  of  a  piece  of  stirring-rod  within  rubber  tubing. 
The  tube  should  be  kept  closed  when  not  in  use  to  prevent  the 
gradual  absorption  of  moisture  from  the  air.  Two  ordinary  cal- 
cium chloride  tubes  are  filled  in  the  same  way  about  two-thirds 
full,  but  in  this  case  softened  cork  stoppers  are  placed  at  the  end 
of  the  tubes  after  the  second  wad  of  cotton.  Through  a  hole  in 
each  stopper  a  short  piece  of  glass  tubing  with  rounded  ends  is 
introduced,  and  the  cork  is  shoved  far  into  the  tube  with  the  help 
of  a  stirring-rod,  leaving  the  outer  2  or  3  mm.  empty.  This  space 
in  the  tube  is  filled  with  molten  sealing-wax,  so  that  a  perfectly 
air-tight  connection  is  made.  These  tubes  are  also  closed,  when 
not  in  use,  by  stirring-rod  within  rubber  tubing. 

Before  beginning  the  determination  the  apparatus  must  be 
clean  and  dry.  It  is  not  advisable  to  dry  the  flask  by  washing 
with  alcohol  and  ether,  but  it  should  be  gently  heated  while  a  cur- 
rent of  dry  air  is  sucked  through  it.  As  aspirator  an  inverted 
wash-bottle  may  be  used,  from  which  the  water  is  allowed  to  run 
out  slowly  through  the  shorter  tube.  During  the  aspiration  the 
small  calcium  chloride  tubes  are  connected  with  c  and  d  respect- 
ively, so  that  no  moisture  can  enter  the  flask. 

When  all  is  ready  the  finely-powdered  substance,  which  has 
been  dried  at  100°  C.  and  cooled  in  a  desiccator,  is  placed  in  a 
weighing-tube,  from  1  to  1.5  gms.  are  transferred  to  the  flask  and 
a  little  water  is  added.f    The  tube  A  is  now  filled  two-thirds  full 

*  As  commercial  calcium  chloride  always  contains  a  little  free  lime,  some 
carbon  dioxide  will  be  absorbed  by  it  and  consequently  low  results  obtained 
in  the  analysis,  unless  the  calcium  chloride  is  saturated  with  carbon  dioxide 
before  the  analysis  is  made  (see  foot-note,  page  297). 

t  This  method  is  often  used  for  the  determination  of  the  carbonic  acid 
in  baking-powders.  Such  substances  are  decomposed  by  water  so  that  they 
should  be  kept  dry  until  after  the  apparatus  has  been  weighed. 
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TOth  hydrochloric  acid  (1  part  concentrated  acid  to  4  of  water)  by- 
means  of  a  small  funnel  or  thistle  tube,  and  the  stop-cock  T 
must  be  turned  so  that  none  of  the  acid  will  run  into  the  flask. 
The  whole  apparatus,  as  shown  in  Fig.  47,  is  now  placed  upon 
the  balance-pan  and  accurately  weighed.  The  stop-cock  T  is  then 
opened  so  that  the  acid  in  A  slowly  drops  into  the  flask.  As  soon 
as  the  evolution  of  carbon  dioxide  begins  to  take  place  quietly,  the 
apparatus  is  allowed  to  stand  without  watching  for  about  half  an 
hour.  At  the  end  of  this  time  all  of  the  acid  will  have  passed  into 
the  flask,  and  the  decomposition  will  be  nearly  complete  in  most 
cases.  It  now  remains  to  remove  all  carbon  dioxide  absorbed  by 
the  liquid  and  contained  in  the  apparatus.  This  is  effected  by 
gently  heating  the  solution  by  means  of  a  small  flame  until  the  acid 
just  begins  to  boil,  meanwhile  aspirating  a  current  of  dry  air  through 
c  and  out  at  d.  Not  more  than  three  or  four  bubbles  of  air  per 
second  should  be  allowed  to  pass  through  the  flask.  As  soon  as 
the  boiling  begins,  the  flame  is  removed  and  the  slow  current  of 
air  is  still  passed  through  the  apparatus  until  it  is  cold.  It  is  then 
stoppered  and  allowed  to  stand  near  the  balance  for  half  an  hour 
or  more,  after  which  it  is  again  weighed  without  the  stoppers.  The 
loss  in  weight  represents  the  amount  of  carbon  dioxide  originally 
present  in  the  substance  as  carbonate. 

Remark, — ^This  method  affords  excellent  results  in  the  esti- 
mation of  large  amoimts  of  carbonic  acid,  but  it  is  unrehable  for 
the  analysis  of  small  amounts  such  as  are  present  in  cements, 
etc.  In  such  cases  the  Fresenius-Classen  or  Lunge-Marchlewski 
method  is  better.     (See  pp.  297  and  305.) 

The  objection  to  this  method  lies  in  the  fact  that  owing  to 
the  size  and  weight  of  the  apparatus,  there  is  likely  to  be  an 
error  in  making  the  two  weighings.*  On  the  other  hand,  it  is 
unquestionably  true  that  it  is  easier  to  expel  carbon  dioxide 
from  a  solution  than  it  is  to  absorb  it  quantitatively. 

B.    DIRECT   DETERMINATION  OP  CARBON  DIOXIDE. 

Here  again  the  determination  can  be  carried  out  both  in  the 
dry  and  wet  ways. 

*  Tliere  is  some  danger  of  losing  a  little  hydrochloric-acid  gas  during  the 
operation.  To  prevent  this  the  calcium  chloride  may  be  replaced  by  pumice 
impregnated  with  anhydrous  copper  sulphate,  or  the  carbonate  may  be 
decomposed  by  means  of  sulphuric  acid. 
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(a)  Determination  in  the  Dry  Way. 

From  one  to  two  grams  of  the  substance  are  weighed  out  into  a 
porcelain  boat,  and  the  latter  is  shoved  into  the  middle  of  a  horizon- 
tally held  glass  tube  which  is  about  20  cm.  long  and  1-1.5  cm.  wide, 
and  made  of  difficultly  fusible  glass.  Both  ends  of  the  tube  are 
provided  with  calcium  chloride  tubes  connected  with  it  by  means  of 
tightly-fitting  rubber  stoppers.  Through  one  of  the  calcium  chloride 
tubes  a  slow  stream  of  air  (free  from  carbon  dioxide)*  is  conducted 
and  the  other  is  connected  with  two  weighed  soda-lime  tubes  (cf. 
p.  298).  The  substance  is  heated  gradually  until  it  glows  strongly, 
meanwhile  passing  a  slow  but  steady  current  of  air  through  the 
apparatus.  When  there  is  no  further  heat  effect  to  be  detected 
in  the  soda-lime  tubes,  the  substance  is  allowed  to  cool  in 
the  current  of  air  and  the  soda-lime  tubes  are  subsequently 
weighed.  The  increase  of  weight  represents  the  amount  of  carbon 
dioxide. 

Remark, — This  method  can  be  employed  for  the  analysis  of 
all  carbonates  with  the  exception  of  those  of  barium  and  the 
alkalies,t  though,  of  course,  no  other  volatile  acid  can  be  present 
at  the  same  time.  Water  is  kept  back  by  the  calcium  chloride 
tube. 

Example:  Analysis  of  White  Lead, — White  lead,  provided  it  is 
free  from  acetate  (which  must  be  shown  by  a  qualitative  test), 
can  be  accurately  and  expeditiously  analyzed  by  the  above 
method.  It  is  a  basic  carbonate  of  lead  and  contains,  therefore, 
lead  oxide,  carbon  dioxide,  and  water,  while  it  is  often  contami- 
nated with  sand. 

The  analysis  is  conducted  as  above  described  except  that  in 
this  case  the  calcium  chloride  tube  which  is  connected  with  the 
soda-Ume  tubes  is  weighed.  The  gain  m  weight  of  the  former  repre- 
sents the  amount  of  water  in  the  substance,  the  gain  in  weight  of 
the  latter  shows  the  amount  of  carbonic  acid  present,  while  if  the 


*The  air  is  passed  through  two  wash-bottles  containing  caustic  potash 
solution. 

t  Even  the  carbonates  of  the  alkalies  and  of  barium  can  be  analyzed  in 
this  way  if  they  are  mixed  with  potassium  bichromate. 
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residue  in  the  porcelain  boat  is  weighed  the  amount  of  lead  oxide 
is  determined.  After  weighing  the  latter  the  lead  oxide  is  treated 
with  hot,  dilute  nitric  acid,  when  it  will  dissolve  to  a  clear  solution 
if  pure,  while  any  sand  will  remain  behind  as  an  insoluble  residue. 
If  there  is  a  residue  it  is  filtered  off,  ignited,  and  weighed.  By 
deducting  the  latter  from  the  original  weight  of  the  residue  in  the 
porcelain  boat,  the  weight  of  the  pure  lead  oxide  is  obtained. 

(6)  Determination  in  the  Wet  Way,  after  Freaenivs-Classen. 

The  apparatus  necessary  for  this  determination  is  shown  in 
Fig.  48.  It  consists  of  a  decomposition-flask  of  about  400  c.c. 
capacity  provided  with  a  condenser  and  connected  with  the  drying- 
tubes  a,  6,  and  c  and  with  the  weighed  soda-lime  tubes  d  and  e;  *  /  is 
a  protection  tube  whose  left  arm  is  filled  with  calcium  chloride  and 
whose  right  arm  contains  soda-lime.  The  first  drying-tube,  a, 
contains  glass  beads  wet  with  concentrated  sulphuric  acid,  while 
h  and  c  contain  granular  calcium  chloride.f 

Procedure. — ^The  substance  is  weighed  out  into  the  dry  flask, 
covered  with  a  little  water  in  order  to  prevent  loss  of  the  substance 
and  a  slow  current  of  air  (free  from  carbon  dioxide)  is  conducted 
through  the  apparatus  in  order  to  remove  any  carbon  dioxide 
that  may  be  present  in  the  flask  or  in  the  three  drying-tubes. 
While  the  air  is  being  led  through  the  apparatus,  the  soda-lime 
tubes  are  carefully  wiped  with  a  linen  cloth  and  weighed.  The 
current  of  air  is  now  stopped,  the  weighed  tubes  are  connected  with  c 


*  The  right  ann  of  the  la^t  soda-lime  tube  is  one-third  filled  with  calcium 
chloride  in  order  to  absorb  the  water  set  free  by  the  absorption  of  the  carbon 
dioxide  by  the  soda-lime.  2NaOH+CO,=  Na,CO,+Hp. 

t  As  commercial  calcium  chloride  always  contains  lime  which  will  absorb 
carbon  dioxide,  it  must  be  saturated  with  this  gas  before  the  determination 
is  made  For  this  purpose  a  dry  current  of  the  gas  is  conducted  through 
the  tubes  for  one  or  two  minutes,  the  outer  end  of  the  tube  is  then  closed 
by  means  of  a  glass  rod  within  a  piece  of  rubber  tubing  and  the  other  end 
is  kept  connected  with  the  Kipp  generator  for  twelve  hours  At  the  end 
of  that  time  the  excess  of  carbon  dioxide  is  removed  by  passing  air  through 
the  tubes  for  twenty  minutes.  The  air  is  freed  from  carbon  dioxide  and 
dried  by  passing  through  two  bottles  containing  concentrated  caustic  potash 
solution  and  then  through  a  long  tube  filled  with  calcium  chloride. 
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on  the  one  hand  and  with  /  on  the  other,  after  which  a  slow  stream 
of  hydrochloric  acid  (1:3)  is  allowed  to  flow  upon  the  substance 
from  the  funnel  T,  causing  an  immediate  evolution  •  of  carbon 
dioxide  gas.  The  stream  of  acid  is  regulated  so  that  not  more 
than  3-4  bubbles  per  second  of  gas  pass  through  a.  When  all  of 
the  acid  has  been  added,  the  contents  of  the  flask  are  slowly  heated 
to  boiling  and  while  the  solution  is  boiling  gently,  a  slow  current  of 
air  is  passed  through  the  apparatus  so  that  not  more  than  2-3 


Fig.  48. 


bubbles  per  second  pass  through  a.  During  the  whole  operation, 
cold  water  is  allowed  to  flow  through  the  condenser;  in  this  way 
the  water  vapor  is  condensed  and  flows  back  into  the  flask  instead 
of  reaching  the  sulphuric  acid  in  a;  consequently  the  contents  of 
the  latter  tube  seldom  have  to  be  renewed.  Almost  all  of  the  car- 
bonic acid  is  absorbed  in  the  first  soda-lime  tube,  as  may  be  ascer- 
tained by  the  heat  effect  there.  The  second  tube,  e,  should  remain 
perfectly  cold  provided  not  more  than  0.5-1  gm.  of  the  carbonate 
was  taken  for  the  analysis.  When  all  of  the  carbon  dioxide  has 
been  absorbed  the  tube  d  quickly  cools.  As  soon  as  this  has 
taken  place,  the  flame  is  removed  and  a  somewhat  more  rapid 
current  of  air  is  conducted  through  the  apparatus  for  twenty 
minutes  more.  The  soda-lime  tubes  are  then  removed,  stoppered, 
and  allowed  to  stand  in  the  balance  case  for  twenty  minutes,  in 
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order  to  acquire  the  temperature  of  the  balance;  they  are  then 
weighed. 

Remark. — ^The  results  obtained  by  this  method  are  perfectly 
satisfactory.  For  the  analysis  of  substances  containing  small 
amounts  of  carbonate,  from  3-10  gms.  are  taken  for  the 
analysis. 

If  the  substance  contains  besides  the  carbonate  a  sulphide 
which  is  decomposable  with  acid,  a  tube  containing  pumice 
impregnated  with  copper  sulphate  *  is  introduced  between  a 
and  hy  and  this  serves  to  absorb  all  of  the  hydrogen  sulphide 
evolved. 

The  Fresenius-Classen  method  is  suitable  not  only  for  the 
determination  of  carbon  dioxide  in  solid  substances,  but  also  for 
the  analysis  of  carbonates  in  solution  provided  little  or  no  free 
carbonic  acid  is  present.  In  case  considerable  amounts  of  the 
latter  are  to  be  estimated,  as  in  the  case  of  many  mineral  waters, 
the  analysis  is  conducted  as  follows: 

Determination  of  the  Total  Amount  of  Carbonic  Add  in 

Mineral  Waters. 

From  3  to  4  gms.  of  freshly-burnt  lime  f  and  the  same  amount 

*  Sixty  gms.  of  pumice  in  pieces  about  the  size  of  a  pea  are  placed  in  a 
porcelain  dish  and  covered  with  a  concentrated  solution  of  30-35  gms.  of 
copper  sulphate.  The  solution  is  evaporated  to  dryness  with  constant  stirring 
and  the  residue  allowed  to  remain  in  the  hot  closet  at  150-160°  C.  for  four 
or  five  hours.  At  this  temperature  the  copper  sulphate  is  partly  dehydrated 
and  in  this  condition  it  absorbs  hydrogen  sulphide  more  readily  than  when 
in  the  hydrous  condition.  It  cannot  be  heated  higher  than  the  above  tem- 
perature as  otherwise  some  sulphur  dioxide  is  formed  which  would  be  absorbed 
by  the  soda-lime. 

t  To  prepare  this  lime  absolutely  free  from  carbonate,  the  lime  is  placed 
in  a  tube  of  difficultly  fusible  glass  and  heated  in  a  small  combustion  furnace, 
meanwhile  passing  a  current  of  dry  air  free  from  carbon  dioxide  over  it. 
In  this  way  4  gms.  of  conunercial  lime  can  be  freed  from  carbonate  in 
one-half  to  three-quarters  of  an  hour.  That  the  carbon  dioxide  is  actually 
removed  can  be  shown  at  the  end  of  that  time  by  passing  the  escaping  air 
through  baryta  water;  there  should  be  no  turbidity.  A  blank  experiment 
should  always  be  made  with  this  lime.  If  it  is  desired  to  use  commercial  lime 
for  the  detenmuation,  the  amount  of  carbonate  present  is  determined  and 
an  accurately  weighed  amount  is  used  for  the  analysis. 
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of  crystallized  calcium  chloride  *  are  placed  in  each  of  from  four 
to  six  Erlenmeyer  flasks  whose  necks  are  of  such  &  size  that 
they  will  each  fit  the  apparatus  shown  in  Fig.  48.  The  flasks  are 
closed  by  means  of  tightly-fitting  rubber  stoppers  and  accurately 
weighed.  A  double-bored  rubber  stopper  is  taken  of  such  a  size 
that  it  will  fit  into  the  neck  of  each  of  the  above  flasks  and  through 
one  of  the  holes  is  fitted  a  short  glass  tube  which  reaches  about  3  cm. 
above  the  stopper  and  the  same  distance  below,  while  through  the 
other  hole  a  glass  tube  about  50  cm.  long  is  passed  which  likewise 
reaches  about  3  cm.  below  the  stopper.  To  fill  the  weighed  flasks 
with  the  water  to  be  analyzed,  they  are  taken  to  the  spring  and 
are  treated  one  after  another  as  follows:  The  solid  rubber  stopper 
is  quickly  replaced  by  the  one  fitted  with  the  two  tubes,  the  thumb 
is  placed  over  the  shorter  of  the  tubes,  and  the  flask  is  dipped  well 
below  the  surface  of  the  water,  but  so  that  the  longer  tube  still 
reaches  into  the  air  above.  The  thumb  is  now  removed  from  the 
shorter  tube,  when  the  spring-water  will  pass  into  the  flask  and  the 
replaced  air  will  escape  through  the  long  tube.  As  soon  as  the 
flask  is  almost  full,  the  shorter  tube  is  again  closed  with  the  thumb, 
the  flask  is  removed  frorft  the  water,  and  the  stoppers  are  once 
more  quickly  interchanged.  To  make  sure  that  the  solid  stopper  is 
not  loosened  while  carrying  the  flask  back  to  the  laboratory,  it  is 
covered  by  a  piece  of  parchment  paper,  and  fastened  by  means  of 
string  to  the  neck  of  the  flask.  The  flasks  are  then  allowed  to 
stand  several  days  with  frequent  shaking,  when  the  precipitate  ia 
allowed  to  settle  and  the  flask  and  contents  are  weighed.  The  gain 
in  weight  represents  the  amount  of  water  taken  for  the  anal3rsis. 
The  supernatant  liquid  is  quickly  poured  off  through  a  folded  filter, 
the  filter  is  immediately  thrown  into  the  flask,  and  the  latter  is 
now  connected  with  the  apparatus  shown  in  Fig.  48.  The  carbon 
dioxide  is  determined  as  in  the  previous  process. 

This  method  is  capable  of  yielding  excellent  results  provided 
the  flasks  can  be  filled  as  above  described.  Often,  however,  the 
spring  is  not  easily  accessible,  so  that  the  flasks  must  be  filled  by  a 


*The  addition  of  calcium  chloride  serves  to  decompose  any  alkali  car- 
bonate. This  is  not  quantitatively  decomposed  by  lime  alone,  particulariy 
when  magnerium  carbonate  is  present. 
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different  method  and  usuaUy  a  small  amount  of  carbonic  acid  is 
lost  during  the  operation.  A  much  more  expeditious  and  accurate 
procedure  which  can  be  performed  within  one  hour  at  the  spring, 
consists  in  the  determination  of  the  total  amount  of  carbonic 
acid  present  in  mineral  waters  by  measuring  the  volume  of  the 
gas.* 

2.  Gas-volumetric  Determination  of  Carboxuc  Acid. 

(a)  Method  of  0,  PeUersan,^ 

This  excellent  method,  upon  which  the  two  following  pro- 
cedures are  based,  consists  of  evolving  carbon  dioxide  from 
carbonates  by  the  action  of  acid,  collecting  the  gas  over  mercury 


Fig.  49. 


and  computing  its  weight  from  its  volume.  Petterson's  apparatus 
is  shown  in  Fig.  49,  and  was  used  by  him  for  the  determination 
of  the  carbonic  acid  in  sea-water  (Skagerrak),  in  carbonates,  and 
also  for  the  determination  of  carbon  in  iron  and  steel.    The  method 


*  Cf .  the  modified  method  on  p.  309 
tBerichte.23  (1S90),  p.  1402. 
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of  determining  the  carbonic  acid  in  a  water  containing  small 
amomits  of  free  carbonic  acid  but  considerable  carbonate  will  suffice 
to  show  how  the  apparatus  is  used.  The  decomposition-flask  K 
is  filled  with  distilled  water  up  to  the  mark  just  below  the  side- 
arm  (the  mark  is  not  shown  in  the  illustration).  By  weighing  the 
flask  both  empty  and  with  this  amount  of  water,  the  volume  of  the 
flask  when  filled  to  the  mark  is  obtained.  The  flask  is  now  filled 
up  to  this  mark  with  the  water  to  be  examined,  a  small  piece  of 
aluminium  wire  is  thrown  in,  and  the  flask  is  connected  with  the 
rest  of  the  apparatus  as  shown  in  the  figure.  All  of  the  rubber 
tubing  should  be  firmly  fastened  to  the  glass  by  means  of  wire. 
The  cocks  a,  6,  and  d  are  closed,  c  is  opened,  and  the  air  in  the 
measuring-tube  is  removed  by  raising  M  until  the  mercury  rises 
in  the  capillary  up  to  the  crossing  point.  After  this  c  is  closed, 
a  is  opened,  M  is  brought  very  low,  and  the  screw-cock  d  is 
slowly  opened.  By  this  means  the  hydrochloric  acid  in  N  is  intro- 
duced into  the  flask  K.  The  acid  is  allowed  to  run  into  the  flask 
until  the  upper  part  of  the  apparatus  is  reached,  when  d  is  closed 
and  then  a.  The  air  in  the  measuring-tube  (which  does  not  con- 
tain an  appreciable  amount  of  carbon  dioxide)  is  removed  by 
opening  c  and  raising  Af ,  after  which  c  is  again  closed.  Now  a  is 
once  more  opened,  M  is  lowered,  and  the  liquid  in  K  is  heated  by 
means  of  a  flame. 

A  lively  evolution  of  gas  at  once  ensues.  As  soon  as  the  meas- 
uring-tube is  almost  filled  with  the  gas,  a  is  closed,  the  flame  is 
removed  from  K,  M  is  raised  until  the  mercury  within  it  stands^ 
level  with  that  in  the  measuring-tube,  and  its  position  in  the  latter 
is  then  read.  At  the  same  time  the  barometer  reading  must  be 
noted  as  well  as  the  temperature  of  the  cold  water  which  surrounda 
the  measuring-tube.  After  this  b  is  opened  and  M  is  raised, 
whereby  the  gas.  passes  into  the  Orsat  tube  0  which  contains 
caustic  potash  sohition  (1:2).  As  soon  as  the  mercury  has  reached 
the  juncture  of  the  horizontal  and  vertical  tubes,  b  is  closed  and 
the  gas  is  allowed  to  remain  in  the  Orsat  tube  for  three  minutes. 
The  unabsorbed  gas  is  once  more  brought  into  the  measuring- 
tube,  taking  care  that  none  of  the  caustic  potash  solution  conios 
with  it  (the  latter  should  not  quite  reach  the  stop-cock  6).  After 
bringing  the  gas  once  more  to  the  atmospheric  pressure,  its  volume 
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as  well  as  the  temperature  and  barometer  reading  is  noted.  As  a 
rule,  these  readings  of  the  barometer  and  thermometer  remain 
constant,  otherwise  it  is  necessary  to  reduce  the  gas  volumes  in 
each  case  to  0®  C.  and  760  mm.  pressure.  The  difference  between 
the  two  volumes  represents  the  amount  of  the  carbonic  acid 
gas.  The  unabsorbed  gas  is  removed  through  c  and  this  whole 
operation  of  collecting  the  gas  and  absorbing  the  carbon  dioxide 
is  repeated  until  finally  no  more  gas  is  given  off  from  the  liquid 
inK. 

In  case  it  is  desired  to  determine  the  amount  of  carbonate  in 
a  soUd  substance,  a  smaller  deeomposition-flask  should  be  used. 
The  aluminium  wire  is  added  to  the  weighed  substance  and  the 
apparatus  is  exhausted  by  repeatedly  lowering  il/,  closing  a, 
opening  c,  and  then  raising  M.  Finally  the  acid  is  allowed  to 
act  upon  the  substance  and  the  determination  is  carried  out  exactly 
as  described  above. 

Compviation  of  the  Analysis, — Let  us  assume  that  from  a 
gms.  of  substance  V  c.c.  of  carbon  dioxide  were  obtained,  which 
was  measured  moist  at  i^  C.  and  B.  mm.  pressure.  First  of  all 
the  volume  is  reduced  to  0°  C.  and  760  mm.  pressure  by  the 
following  formula: 

^      760(273+0  * 

In  this  formula,  w  represents  the  tension  of  aqueous  vapor  ex- 
pressed in  millimeters  of  mercury. 

In  order  to  compute  the  weight  of  the  carbon  dioxide  from  this 
volimie,  it  is  only  necessary  to  remember  that  a  gram-molecule  of 
any  substance  in  the  gaseous  form  at  0°  C.  and  760  mm.  pressure 
occupies  a  voliune  of  22,391  c.c. 

In  this  case  C02=44= 1  gm.  molecule  of  carbon  dioxide;  there* 

fore 

22,391 :44=7o-aJi 
44 

22,391 
and  in  percentage 


*^  T7 
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Remark. — ^The  addition  of  aluminium  is  absolutely  necessary. 
By  boiling  an   acid  solution,  carbonic  acid  is  not  completely 


Fig.  60. 
expeUed;  this  is  only  effected  when  a  different  gas  simultane- 
ously passes  through  the  solution.     Formerly  it  was  customary 
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to  pass  air  through  the  apparatus,  but  Pettereon  accomplished 
the  same  purpose  by  generating  hydrogen  within  the  liquid 
itself. 

(6)  Method  of  Lunge  and  MarcMewskt* 

Lunge  and  Marchlewski  carry  out  the  determination  according 
to  the  same  principle  as  that  of  the  above  process;  i.e.,  by  simul- 
taneously evolving  hydrogen  (aluminium  and  hydrochloric  acid), 
measuring  the  gas,  and  absorbing  the  carbon  dioxide  by  means  of 
caustic  potash  in  an  Orsat  tube. 

The  apparatus  which  they  recommend  is  shown  in  Fig.  50,  6. 
It  consists  of  the  40-c.c.  decomposition-flask  N,  the  140-c.c. 
measuring-tube  a,  the  compensation-tube  C,  and  the  levelling- 
tube  B;  the  three  last  are  connected  together  as  shown  in  the 
figure. 

In  the  case  of  all  gas-volumetric  methods,  the  volume  of  the 
measured  gas  must  be  reduced  to  0®  C.  and  760  mm.  pressure, 
which  ordinarily  requires  a  knowledge  of  the  temperature  and  the 
barometric  pressure.  In  this  method  the  reduction  is  accom- 
plished without  paying  any  attention  to  the  actual  readings  of 
the  thermometer  and  barometer  by  means  of  the  compensation- 
tube  C,  which  contains  a  known  amount  of  air,  viz.,  that  amount 
of  air  which  in  a  dry  condition  assumes  a  volume  of  100  c.c.  at 
0**  C.  and  760  mm.  pressure.  If,  therefore,  this  amount  of  air  has 
a  volume  of  V  at  t^  and  atmospheric  pressure  P'  (with  the  mer- 
cury at  the  same  level  in  B  and  C),  we  know  that  this  volume  of 
any  gas  would  be  equal  to  100  c.c.  at  0**  C.  and  760  mm.  pressure. 
By  raising  the  levelling-tube  B  so  high  that  V  c.c.  is  compressed  to 
100  c.c,  we  have  accomplished  the  reduction  in  a  mechanical  way. 
If,  however,  there  is  a  gas  volume  F"  in  the  measuring-tube  A 
under  the  same  pressure  as  that  in  the  compensation-tube  (this  is 
the  case  when  the  mercury  level  is  the  same  in  A  and  C),  we  can 
reduce  this  volume  to  the  standard  conditions  by  simply  raising 
B  until  the  volume  of  the  gas  in  C  is  just  100  c.c,  taking  care  that 
the  mercury  remains  at  the  same  height  in  the  tubes  A  and  C. 
The  volume  of  the  gas  VJ'  in  A  corresponds,  therefore,  to  the  vol- 

*  Zeitschr.  f.  angew.  Chem.,  1891,  p.  220. 
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ume  of  this  gas  at  0°  C.  and  760  mm.  pressure,  for  it  has  been  com 
pressed  to  the  same  degree  as  the  gas  in  C.    This  is  apparent  when 
we  remember  that  at  a  constant  temperature  the  product  of  the 
pressure  into  the  volume  remains  a  constant  for  any  gas. 

In  the  compensation-tube  we  have  the  volume  V  at  atmos- 
pheric pressure  P',  and  after  compression  the  volume  becomes 
y/  =  100  c.c.  and  the  pressure  is  P^y  from  which  it  follows: 

1.  V'P'^V.'P,, 

In  the  measuring-tube  A,  we  have  the  volume  V"  at  the  atmos- 
pheric pressure  P',  and  after  compression  this  volume  becomes 
V^',  and  the  pressure  Pq,  so  that 

2.  F''.P'  =  Fo"^o. 
By  dividing  equation  1  by  equation  2  we  have; 

V'P'      Fo'-Po 


y//.p/     V^"'P^ 
or 

and  V^"  is,  therefore,  the  reduced  gas  voliune  that  is  desired. 

Before  using  the  apparatus  for  the  determination,  it  is  necessary 
to  fill  the  compensation-tube  with  the  correct  amount  of  air;  this 
is  accomplished  as  follows: 

First  of  all  a  calculation  is  made  to  determine  what  would  be 
the  volume  of  100  c.c.  of  dry  air  measured  at  0®  C.  and  760  mm. 
pressure  when  measured  moist  at  the  temperature  of  the  laboratory 
and  the  prevailing  barometric  pressure.  To  illustrate,  let  us 
assume 

<=17.5®C.;  5=731  mm.;    w=14.9  (tension  of  aqueous  vapor), 

then 

.^^100X760X290.5 

273(731-14.9)  •^" 

Accordingly  112.9  c.c.  of  air  are  introduced  into  the  tube 
C  by  removing  the  stopper  and  lowering  the  levelling-tube  until 
the  mercury  in  the  compensation-tube  stands  at  exactly  112.9  c.c. 
A  drop  of  water  is  added  by  means  of  a  pipette,  the  tube  is  im- 
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mediately  stoppered,  and  an  air-tight  seal  is  niade  by  covering  the 
latter  with  mercury.  A  rubber  stopper  containing  a  glass  tube  is 
then  pressed  down  into  D.  After  this  the  temperature  and  pres- 
sure may  vary  as  much  as  it  will;  the  reduced  volume  of  the  air 
in  C  will  always  be  equal  to  100  c.c. 

Procedure  for  the  ATUilysia. — About  0.08  gm,  of  aluminium  wire, 
i.e.,  enough  to  furnish   approximately   100  c.c.  of  hydrogen,  is 
weighed    out   into   the    decomposition- 
flask.    Such  an  amount  of  the  substance 
to  be  analyzed  is  added,  that  at  the 
most  30  c.c.  of  carbon  dioxide  will  be 
generated,   and  the  flask  is   connected 
with  the  funnel  tube  M,  and  capillary  n. 
Connection  is  also  made  with  the  tube  A 
after  it  has  been  completely  filled  with 
mercury  by  raising  B.    The  air  from  N  ia 
now  exhausted  by  lowering  B,  opening  h  ' 
80  that  e  b  oounected  with  A,  then  clos-  I 
ing  h  by  turning  it  90",  and  carefully  | 
raising  B   until   the  mercury  stands  at  : 
an  equal  height  in  A  and  B;  after  this 
A   is   turned   so    that   .4    is    connected  ' 
with   the   capillary  d,  and   the  air    in 
A    is    expelled.     After    repeating    this 
process  three  or  four  times  until  finally 
only  two  or  three  centimeters  of  air  re- 
main In  A,  B  is  lowered,   the  hydro-  ~  pj^  gj 
chloric  acid  (1.3)  is  added  to  Af ,  A  is 

carefully  opened,  then  m  until  10  c.c,  of  the  acid  have  run 
into  the  flask  .V,  when  m  is  once  more  closed.  The  carbon 
dioxide  evolution  begins  at  once  and  the  mercury  level  quickly 
falls  in  A.  The  contents  of  the  flask  are  heated  to  boiling  over  a 
flame  and  kept  at  this  temperature  until  all  of  the  aliuninium  has 
dissolved.  T>uring  the  whole  operation  the  mercurj'  level  in  B 
must  be  kept  lower  than  that  in  A.  In  order  to  transfer  the  gas 
remaining  in  the  flask  N  into  the  tube  A,  M  is  filled  with  distilled 
water,  m  is  slowly  opened  and  the  water  is  allowed  to  run  into  N 
until  the  stop-cock  A  b  reached,  when  the  latter  is  immediately 
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closed.  The  gas  is  then  compressed  by  raising  the  tube  B  until 
the  mercury  stands  at  the  same  height  in  A  and  C  and  so  that  the 
level  in  the  latter  tube  is  exactly  at  the  100-c.c.  mark.  The  reduced 
volume  is  then  read.  After  this  the  capillary  d  is  connected 
with  an  Orsat  tube  filled  with  caustic  potash  (1:2)  (Fig.  51),  the 
gas  in  A  is  driven  over  into  the  latter,  allowed  to  stand  there  for 
three  minutes,  and  again  transferred  to  A,  where  its  volume  at 
0°  C.  and  760  mm.  pressure  is  determined  as  before.  The  difference 
in  the  two  readings  represents  the  volume  of  the  carbon  dioxide, 
and  the  per  cent,  can  be  computed  according  to  the  formula 

Per  cent.  CO, =0. 1965  ~, 

a 

in  which  V  is  the  amount  of  carbon  dioxide  absorbed  in  the  Orsat 
tube  and  a  represents  the  amount  of  substance  taken  for  the 
analysis. 

Remark. — ^This  is  the  most  exact  of  all  methods  for  the  deter- 
mination of  carbon  dioxide  in  solid  substances  and  is  accom- 
plished most  quickly.  It  is  particularly  to  be  recommended 
where  carbon  dioxide  determinations  must  be  made  daily,  as,  for 
example,  in  cement  factories.  It  is  necessary,  however,  to  test 
the  volume  of  the  gas  in  the  compensation-tube  from  time  to  time 
in  order  to  make  sure  that  it  really  corresponds  to  100  c.c.  of  air 
under  the  standard  conditions  of  temperature  and  pressure. 

For  a  single  determination  the  author  prefers  to  dispense 
with  the  compensation-tube.  In  this  case,  however,  the  collected 
gas  must  be  kept  surrounded  by  water  at  a  definite  temperature, 
as  in  the  Petterson  method,  and  the  temperature  and  pressure 
must  be  observed.  It  is  also  well  to  make  these  readings  in  the 
above-described  procedure,  in  order  to  be  sure  that  the  volume  in 
the  compensation-tube  has  remained  constant. 

For  the  determination  of  carbon  dioxide  in  mineral  waters 
this  apparatus  is  not  suited;  for  this  purpose  the  author  has  modi- 
fied the  Petterson  apparatus  as  shown  in  Fig.  52. 

(c)  The  Modified  Method  of  Petterson. 

For  decomposition-flasks,  Erlenmeyers  of  from  70-200  c.c. 
capacity  are  used  (according  to  the  supposed  amount  of  carbonic 
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acid)  and  the  exact  capacity  of  each  flask  is  etched  upon  it.  To 
deterniine  thia,  each  flask  is  provided  with  a  tightly-fitting  stopper 
of  gray  (not  red)  rubber  containing  one  hole,  through  which  the 
small  tube  R  ia  introduced.  The  bottom  of  iZ  is  fused  together, 
but  near  the  bottom  a  small  opening  is  blown. 


The  tube  R  is  shoved  into  the  stopper  until  the  small  opening 
can  be  seen  just  below  the  bottom  of  the  rubber  stopper,  and  the 
latter  is  pressed  as  far  as  possible  into  the  Erlenmeyer  flask  full  of 
water.  By  this  means  some  of  the  water  passes  from  the  flask 
into  the  tube  R.  The  latter  is  then  raised  as  is  shown  in  Fig. 
52,  h,  and  in  this  way  an  air-tight  seal  is  made. 

The  water  in  A  is  now  removed  by  filter-paper  and  the  flask 
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and  contents  weighed  to  the  nearest  centigram.  By  deducting 
from  this,  the  weight  of  the  empty  flask  together  with  the  rubber 
stopper  and  22,  the  weight  of  the  water,  i.e.  the  volume  of  the 
flask,  is  obtained.  By  means  of  a  piece  of  gummed  paper  fast- 
ened to  the  flask,  the  position  of  the  lower  edge  of  the  rubber 
stopper  is  noted.  The  flask  is  emptied,  dried,  and  the  neck  of  the 
flask  as  well  as  the  paper  strip  is  covered  with  a  thin  coating  of 
wax.  Along  the  edge  of  the  paper  where  the  bottom  of  the  rubber 
stopper  came  on  the  flask,  a  sharp  line  is  cut  in  the  wax  by  means 
of  a  knife  and  the  capacity  is  written  upon  the  wax  with  a 
pointed  file.  These  lines  are  etched  upon  the  flask  by  exposing 
them  to  the  action  of  hydrofluoric  acid  for  two  minutes.  The 
excess  of  the  latter  is  then  washed  off ,  the  flask  dried,  and  the  wax 
melted  and  wiped  off  with  filter-paper.  The  flask  is  now  ready  to 
be  used  for  the  analysis. 

About  0.08  gm.  of  aluminium  is  placed  in  the  flask,  which  is 
then  filled  by  dipping  into  the  spring.  When  this  is  not  possible, 
a  piece  of  rubber  tubing  is  placed  in  the  bottle  containing  the 
water  to  be  analyzed  so  that  it  reaches  to  the  bottom  and  the  water 
is  siphoned  off  into  the  flask  for  two  or  three  minutes.  After  this 
the  filled  flask  is  closed  by  the  rubber  stopper  with  the  tube  R  so 
that  the  bottom  of  the  stopper  reaches  just  to  the  mark  again. 
The  tube  R  is  raised  (Fig.  62,  6)  and  the  spring-water  within  the 
tube  is  washed  out  by  a  stream  of  water  from  a  wash-bottle. 
The  flask  is  then  connected  with  the  bulb-tube  P  (of  about  40  c.c. 
capacity),  which  in  turn  is  connected  with  the  measuring-tube  B. 
The  latter  is  placed  in  a  condenser  through  which  a  stream  of  ordi- 
nary water  constantly  flows.  The  reservoir  N'  is  now  connected 
with  the  flask  as  shown  in  the  figure  and  the  screw-cock  H  is 
closed.    All  rubber  connections  must  be  tightly  fastened  with  wire. 

The  bulb  P  is  exhausted  by  lowering  N  so  that  the  air  passes 
into  5,  from  whence  it  is  driven  into  the  Orsat  tube  0  by  turning 
the  stop-cock  M  and  raising  N,  This  operation  is  repeated  four 
times.  The  air  is  then  removed  from  the  Orsat  tube  by  suction 
through  the  right-hand  capillary  and  the  stop-cock  is  changed  to 
its  original  position  as  shown  in  the  figure. 

The  tube  R  is  now  pressed  into  the  flask  so  that  the  small 
opening  reaches  below  the  lower  siuf  ace  of  the  stopper. 
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Usually  carbon  dioxide  is  immediately  evolved  and  the  mercury 
in  JB  at  once  begins  to  sink  slowly.  The  evolution  of  the  gas  is 
hastened  by  gently  heating  the  contents  of  the  flask.  As  soon  as 
the  measuring-tube  is  almost  entirely  filled  with  gas,  the  flame 
is  removed,  M  is  closed,  and  the  contents  of  B  are  brought  under 
atmospheric  pressure  by  raising  N  until  the  mercury  in  the  two 
tubes  is  at  the  same  height,  after  which  its  position  in  JB  is  noted. 
The  temperature  of  the  water  surrounding  B  is  taken,  the  barometer 
is  read,*  and  the  gas  is  driven  over  into  the  Orsat  tube  and  allowed 
to  remain  there.  This  boiling,  measuring,  and  driving  over  of 
the  gas  is  repeated  until  only  a  slight  gas  evolution  can  be  made 
to  take  place.  In  this  way  all  the  free  carbon  dioxide  and  a  part 
of  that  present  as  bicarbonate  is  driven  off,  while  that  present  as 
normal  carbonate  together  with  the  rest  of  the  bicarbonate  remains 
in  the  flask;  the  liquid  in  the  latter  is  usually  turbid  at  this  point 
owing  to  the  precipitation  of  alkaline-earth  carbonates.  The 
reservoir  N'  is  now  filled  with  hydrochloric  acid  (1:2)  and  the 
air  removed  from  the  rubber  tubing  by  raising  N'  high  and  pinch- 
ing the  tubing  with  the  fingers.  The  levelling-tube  N  is  placed  in 
a  low  position,  H  is  opened,  and  a  small  amount  of  acid  is  allowed 
to  run  into  K,  after  which  H  is  again  closed.  As  soon  as  the  acid 
reaches  the  contents  of  K^  a  lively  evolution  of  carbon  dioxide 
ensues,  which  is  afterward  hastened  by  gentle  warming.  When 
the  measuring-tube  B  is  nearly  filled,  its  contents  are  read  and 
driven  over  into  the  Orsat  tube  as  before.  The  addition  of  the 
acid,  etc.,  is  repeated  until  finally  the  liquid  in  K  clears  up  and 
the  aluminium  begins  to  evolve  a  steady  stream  of  hydrogen,  when 
the  contents  of  the  flask  are  heated  to  boiling;  but  care  is  taken  that 
none  of  the  liquid  in  the  flask  is  carried  over  with  the  escaping 
gas.  As  soon  as  the  aluminium  has  completely  dissolved,  N  is 
lowered,  H-  is  opened,  so  that  the  flask  is  filled  with  the  hydrochloric 
acid  solution  and  the  last  portions  of  the  gas  are  carried  over 
into  the  measuring-tube  B,  As  soon  as  the  acid  has  reached 
the  stop-cock  M,  this  is  closed,  and  after  reading  the  volume  of 
the  gas  as  before  it  is  led  into  the  Orsat  tube.    After  remaining 


*  If  this  analysis  is  made  at  the  spring,  it  is  necessary  to  have  a  sensitive 
.aneroid  barometer  at  hand. 
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there  three  minutes  the  unabsorbed  gas  is  once  more  transferred 
to  B  and  its  volume  subtracted  from  the  total  amount  of  gas  which 
has  been  expelled  from  the  water  that  was  analyzed.  This  differ- 
ence represents  the  volume  of  the  carbon  dioxide  gas.  By  cor- 
rectly adjusting  the  current  of  water  flowing  through  the  condenser, 
the  temperature  at  which  the  gas  is  measured  will  remain  constant 
during  the  entire  experiment. 

From  the  volume  of  the  absorbed  carbon  dioxide  the  per  cent, 
present  is  computed  as  was  shown  under  the  Petterson  method. 

Remark, — ^By  this  method  the  author  has  determined  success- 
fully at  the  spring  the  amount  of  carbonate  in  a  great  many  of  the 
most  important  waters  of  Switzerland.  For  a  single  determination 
more  than  one  hour  is  seldom  required.  The  apparatus  *  can 
be  readily  transported.  The  author  has  travelled  with  an  outfit 
during  the  last  six  years  over  the  highest  moimtain  passes  under 
many  disadvantages  of  weather,  both  in  winter  and  smnmer^ 
without  its  meeting  with  any  accident.  In  order  to  maintain 
the  tube  N  at  any  desired  height  it  is  well  to  fasten  it  to  a  ring- 
stand. 

Determination  of  Carbonic  Acid  in  the  Air. 

See  Part  II,  Acidimetry. 

Determination  of  Carbonic  Acid  in  the  Presence  of  Other 

Volatile  Substances. 

(a)  Determinaiion  of  Carbonic  Acid  in  the  Presence  of  Chlorine. 

If  it  is  desired  to  determine  the  amount  of  carbonate  present 
in  commercial  chloride  of  lime,  chlorine  will  be  evolved  with  the 
carbonic  acid  on  treatment  of  the  solid  substance  with  hydrochloric 
acid,  so  that  neither  the  direct  nor  the  indirect  method  will  give 
correct  results.  The  determination  can  easily  be  effected  by  the 
following  procedure: 

The  chloride  of  lime  is  decomposed  with  hydrochloric  acid  and 
the  gases  evolved  (00,+ CI,)  are  passed  into  an  ammoniacal  solu- 

*  It  can  be  purchased  from  Bender  and  Hobein  of  Zurich. 
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tion  containing  calcium  chloride.*  After  standing  several  hours 
in  a  warm  place,  the  precipitate  is  filtered  off  quickly,  washed  with 
water,  and  the  carbonate  determined  in  the  precipitated  calcium 
carbonate  by  one  of  the  usual  methods. 

Remark, — On  conducting  the  mixture  of  chlorine  and  carbon 
dioxide  into  the  ammoniacal  solution  of  calcium  chloride,  the 
chlorine  is  changed  into  ammonium  chloride  with  evolution  of 
nitrogen : 

4NH3+  3C1= 3NH,C1+  N, 

while  the  carbon  dioxide  is  absorbed  by  the  ammonia  forming 
ammonium  carbonate,  and  the  latter  is  precipitated  by  the  calcium 
chloride  as  calcium  carbonate. 

(6)   Determination  of  Carbon  Dioxide  in  the  Presence  of  Alkali 

SuLyhideSy  Sidphites,  or  ThiosiUphatea, 

The  solution  to  be  analyzed  is  treated  with  an  excess  of  a  solu- 
tion of  hydrogen  peroxide  containing  potassium  hydroxide,  but 
free  from  carbonate.  It  is  heated  to  boiling  to  destroy  the  excess 
of  the  hydrogen  peroxide,  concentrated,  and  the  carbonate  deter- 
mined preferably  by  the  Fresenius-Classen  method  (p.  297). 

Determination  of  Carbon. 

(1)  In  Iron  and  Steel. 

(2)  In  Organic  Compounds. 

(1)    DETERMINATION   OF  CARBON   IN  IRON  AND   STEEL. 

Carbon  exists  in  two  forms  in  iron  and  steel  if 

(a)  As  Carbide  Carbon. 

(b)  As  Graphite. 

On  treating  an  iron  containing  carbide  carbon  with  dilute  hydro- 
chloric or  sulphuric  acid,  only  a  part  of  it  is  evolved  in  the  form  of 


*One  part  of  ciystallized  calcium  chloride  is  dissolved  in  five  parts  of 
water,  ten  parts  of  ammonia  (sp.  gr.  0.96)  are  added,  and  the  mixture  allowed 
to  stand  at  least  four  weeks  before  using. 

t  Hardening  Carbon  and  Graphitic  Temper  Carbon  have  also  been  recog- 
nized as  definite  forms. — [Translator.] 
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characteristic  smelling  hydrocarbons.  This  carbon  is  called  by 
Ledebur*  "hardening  carbon"  to  distinguish  it  from  "ordinary 
carbide  carbon"  which  is  left  behind  as  a  brown  or  gray  mass  when 
the  iron  is  treated  with  dilute  hydrochloric  or  sulphuric  acid;  but 
on  boiling  with  strong  hydrochloric  acid  the  latter  is  also  changed 
to  volatile  hydrocarbons. 

Graphite  is  unattacked  by  acids  under  all  circumstances. 

In  the  analysis  of  iron  and  steel  it  is  customary  to  determine 
directly  the  total  carbon  and  the  graphite,  in  which  case  the  differ- 
ence represents  the  carbide  carbon. 

Determination  of  Total  Carbon. 

Principle. — ^The  carbon  is  oxidized  to  carbon  dioxide,  and  the 
latter  is  either  absorbed  in  a  suitable  apparatus  or  its  volume 
is  measured. 

For  the  oxidation  of  the  carbon  a  great  many  methods  have 
been  proposed;  they  can  be  classified  as  follows: 

(a)  Those  in  which  the  greater  part  of  the  iron  is  removed, 
and  the  residue  subjected  to  combustion. 

(^)  Those  in  which  the  oxidation  is  effected  with  the  un- 
changed substance  itself. 

Preparation  of  a  Residue  Rich  in  Carh'm. 

This  can  be  accomplished  both  in  the  wet  and  dry  ways.  The 
best  dry  method  is  probably  that  of  Wohler,  and  consists  of  heating 
in  a  current  of  chlorine  whereby  the  iron  is  volatilized  as  ferric 
chloride  and  the  carbon,  together  with  the  oxides  and  manganous 
chloride,  remains  behind.  This  exceedingly  accurate  method  can 
be  carried  out  very  quickly,  but  possesses  the  disadvantage  that 
it  is  difficult  to  prepare  absolutely  pure  chlorine  gas.  If  the  latter 
contains  traces  of  moisture,  oxygen,  carbon  dioxide,  or  hydrochloric 
acid,  low  results  will  always  be  obtained,  because  in  that  case  a  part 
of  the  carbon  will  escape  either  as  carbon  dioxide  or  as  hydro- 
carbon. 

The  concentration,  therefore,  can  be  effected  with  greater 
safety  in  the  wet  way,  and  in  this  case  the  potassium-cupric 
chloride  method  proposed  by  Richter  is  the  most  satisfactory. 

♦  Stahl  und  Eisen,  1888,  p.  742. 
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From  0.5-5  gms.  of  the  metal  borings  (according  to  the  amoimt 
of  carbon  present)  after  being  washed  with  ether  (see  foot-note  to 
page  178)  are  weighed  out  into  a  300-400-c.c.  beaker  and  covered 
with  a  solution  of  potassium-cupric  chloride,*  50  c.c.  being  used 
for  each  gram  of  the  iron.  The  solution  is  well  stirred  and  allowed 
to  stand  overnight. 

The  following  reactions  take  place: 

Fe-hCuCla=FeCl,+Cu 
2Cu -f  2CuCl, = 2Cu,Cl3. 

The  presence  of  potassium  chloride  aids  the  solution  of  the 
copper,  probably  on  account  of  the  formation  of  a  double  salt. 
The  more  the  liquid  is  stirred,  the  more  rapid  will  be  the  solution 
of  the  iron  and  precipitated  copper;  when  possible  a  mechanical 
stirrer  should  be  employed.  Warming  the  solution  also  helps,  but 
it  should  never  be  heated  higher  than  60°  to  70**  C.  When  the 
action  is  complete,  the  residue  is  filtered  off  through  an  asbestos 
filter,t  washed  with  dilute  hydrochloric  acid  (sp.  gr.  1.1)  until  all 
color  has  disappeared  from  the  washings,  then  with  water  until 
free  from  acid.  The  residue  contains  all  of  the  carbon  and  is 
treated  as  described  on  page  316  e^  seq. 

Remark, — Besides  the  above-mentioned  methods  for  concen- 
tration of  the  carbon  a  great  many  others  have  been  recom- 
mended. UUgren  used  copper  sulphate  solution,  Berzelius 
cupric  chloride.  The  latter  solutions,  however,  require  the 
-expenditure  of  more  time  and  in  the  analysis  of  "spiegeleisen" 
and  ferromanganese  the  results  obtained  are  too  low  because 
a  perceptible  amount  of  hydrocarbon  (the  odor  can  be  detected) 

♦  Potassium  chloride  and  crystallized  cupric  chloride  (CuCl, -211^0),  in 
quantities  proportional  to  their  molecular  weights,  are  dissolved  in  water  and 
the  double  salt  allowed  to  crystallize  out.  300  gms.  of  the  latter  are  dis- 
solved in  one  liter  of  water,  and  7  5  c.c.  of  hydrochloric  acid  (sp.  gr.  1.20) 
are  added.  The  solution  is  filtered  through  ignited  asbestos.  Formerly 
ammonium  chloride  was  used  instead  of  potassiimi  chloride.  It  is  a  better 
solvent,  but  almost  always  contains  carbonaceous  matter. — [Translator.] 

t  Since  asbestos  often  contains  fluorine  and  carbonaceous  matter,  it 
should  always  be  heated  previously  in  a  moist  current  of  air.  For  this  pur- 
pose a  combustion-tube  is  filled  with  asbestos  and  ignited  in  a  current  of  air 
which  has  passed  through  a  wash-bottle  containing  water.  The  heating  is 
continued  until  the  moisture  collecting  in  the  front  of  the  tube  no  longer 
reacts  acid. 
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is  lost.     Id  the  analysis  of  ordinary  forms  of  iron  and  steel,  how- 
ever, this  loss  is  so  small  that  it  can  be  neglected. 

A  much  more  rapid  and  equally  accurate  method  for  the  deter- 
mination of  the  total  carbon  consists  of  the  direct  combustion  of 
the  borings.  This  can  take  place,  again,  either  in  the  wet  or  in 
the  dry  way. 

Combustion  of  Carbon  in  the  Wet  Way  and  GraTimetric  Deter- 
mination of  the  Carbon  Dioxide. 
Principle. — If  carbon,  even  when  in  the  form  of  graphite,  is 
heated  with  chrnmium  trioxide  and    strong  sulphuric  acid,  it  is 
quantitatively  oxidi;6<>d  to  carbon  dioxide, 

30 + 4CrO, + 6H^.  =  2Cr,{S0.), + 6H,0  +  3C0„ 
and  the  latter  can  be  collected  in  a  suitable  apparatus  and  deter- 
mined. 

If  the  carbonaceous  residue  obtained  after  treatment  of  the 
metal  with  potassiimi-cupric  chloride  is  oxidized  in  this  way, 
correct  results  will  be  obtained,  but  not  when  the  iron  itself  b  sub- 
jected to  the  treatment.  In  the  latter  case,  in  spite  of  the  pres- 
ence of  a  large  excess  of  the  chromium  trioxide,  more  or  less  hydro- 
carbon is  formed  (according  to  the  nature  of  the  iron  or  steel)  and 
this  carbon  escapes  *  the  determination.  In  order  to  determine 
the  carbon  that  would  be  lost  in  this  way,  Sarnstrom  t  leads  the 
gas  through  a  combustion-tube  30  cm,  long  filled  with  copper 
oxide.  The  contents  of  the  tube  are  heated  to  glowing  in  a  small 
combustion-furnace  and  after  the  gases  have  passed  through  the 
tube  they  are  collected  in  the  absorption  vessel.  Many  experi- 
ments have  shown  that  the  modification  of  Sarnstrom  gives  exact 
results,  but  the  apparatus  is  awkward  on  account  of  the  com- 
bustion-furnace required. 

Corleis  X  has  made  the  method  much  simpler.  He  showed 
that  by  coating  the  sample  with  copper,  the  evolution  of  hydro- 
ins  was  so  much  lessened  that  even  in  the  analysis  of  fcrro- 
Itahl  utid  Eiaen,  1894,  p.  SSI.  With  ferromanganese  the  loaa  amounts 
5  per  cent,  of  the  total  carbon,  with  steel  9  per  cent.  With  rerro- 
loese  the  e9ca|»ng  gases  contiun,  besides  carbon  dioxide  and  traces  of 
hydrocarbons,  18  per  cent,  methane,  76  per  cent,  hydrogen,  3  per  cent. 
a,  and  2  per  cent,  carbon  monoxide. 
)erg-  und  Huttenm.  Zt£.,  44,  p.  82. 
(tahl  und  Eiaen,  1894,  p.  581. 
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manganese  it  was  only  necessary  to  pass  the  evolved  gasea  through 
a  short  tube  containing  copper  oxide,  while  it  was  sufficient  to  heat 
the  contents  of  the  tube  over  a  single  Bunsen  burner.  In  the 
analysis  of  steel  it  is  even  possible  to  do  away  with  the  tube,  for 
not  more  than  1  or  2  per  cent,  of  the  total  amount  of  a  carbon 
will  then  escape  determination. 
Apparatus  for  the  Combustion  of  Carbon  in  tbe  Wet  Way. 

The  apparatus  necessary  for  this  determination  is  shown  in 
Fig.  48,  page  29S,  with  the  difference  that  in  this  case  the  decom- 
position-flask takes  the  form  shown  in  Fig.  53,  while  between  the 
■delivery-tube  and  the  first  U  tube  is  inserted  a  tube  10  cm.  long 
made  of  difficultly  fusible  glass  and  containing  copper  oxide.  The 
decomposition-flask  has  a  capacity  of  about  500  c.c.  The  lower 
end  of  the  condenser  (o)  ia  ground  off  and  bent  so  that  it  touches 
the  long  funnel-tube;  By  this  means  the  condensed  water  does 
not  drop  periodically  into  the  hot  liquid  balow,  thus  generating 
vapor  so  suddenly  that  the  gas  is  driven  too  quickly  through  the 
absorption-tubes,  but  it  runs  in  a  steady  stream  back  into  the  fiask. 

In  the  drawing  the  ffask  is  provided  with  a  double-bored  rubber 
stopper.  For  this  purpose  one  of  soft 
new  rubber  must  be  used,  for  with  a  hard, 
cracked  stopper  particles  are  likely  to 
drop  off  into  the  oxidizing  liquid  and 
there  suffer  combustion.  It  is  better 
not  to  use  a  rubber  stopper  at  all,  but  to 
have  between  the  flask  and  the  con- 
denser a  ground-glass  connection.* 

Reagents. — 1.  A  saturated  solution  of 
ordinary  chromic  acid  containing  some 
sulphate.  It  is  not  advisable  to  use 
chemically- pure  chromic  acid  for  this  pur- 
pose, for  the  latter  often  contiuns  organic 
substances. 

2.  A  solution  of  copper  sulphate  made 
by  dissolving  200  gms.  of  the  salt  in  1 
liter  of  water. 

1  which  the  condenser  is  within 


3i8     GRAyil^ETRlC  DETERMINATION  OF  THE  METALLOIDS. 

Procedure. — First  of  all  the  decomposition-flask  is  partly  filled 
with  25  c.c.  of  the  chromic  acid  solution,  150  c.c.  of  the  copper 
sulphate  solution,  and  200  c.c.  of  concentrated  sulphuric  acid;  '*'  the 
mixture  is  heated  to  boiling  and  kept  at  this  temperature  for  ten 
minutes.  The  flame  is  then  removed  and  a  current  of  air  free  from 
carbon  dioxide  is  passed  through  the  apparatus  for  ten  minutes  (at 
the  rate  of  about  six  bubbles  per  second).  It  is  then  connected 
with  the  red-hot  copper  oxide  tube  and  with  the  U  tubes,  f  while 
the  current  of  air  is  continued  for  five  minutes  more.  The  soda- 
lime  tubes  are  removed,  closed,  and  allowed  to  stand  ten  minutes  in 
the  balance  room.  They  are  opened  for  a  moment,  quickly  closed^ 
rubbed  off  with  a  piece  of  chamois  skin  or  a  clean  linen  cloth, 
allowed  to  stand  five  minutes  in  the  balance-case,  and  then  weighed. 

By  means  of  this  preliminary  boiling,  traces  of  organic  matter 
contained  in  the  apparatus  are  removed. 

After  weighing  the  soda-lime  tubes,  they  are  connected  with 
the  apparatus  again,  the  decomposition-flask  is  opened,  and  the 
weighed  substance  (from  0.5  to  5  gms.  according  to  the  amount  of 
carbon  present)  is  introduced  through  a  wide  funnel  into  the  warm 
solution.  The  flask  is  immediately  closed  and  the  copper  oxide 
tube  heated  to  glowing,}  after  which  the  contents  of  the  flask  are 
slowly  heated  so  that  after  from  15-20  minutes  the  liquid  begins  to 
boil.  The  solution  is  kept  boiling  for  one  or  two  hours  while  a  slow 
current  of  air  is  conducted  through  the  apparatus.  The  flame- 
is  then  removed,  and  about  two  liters  more  of  air  are  passed 
through  the  apparatus,  when  the  soda-lime  tubes  are  removed  and 
subsequently  weighed. 

Since  the  use  of  the  copper  sulphate  solution  prevents  the  losa 
of  more  than  about  2  per  cent,  of  the  total  amount  of  carbon  pres- 

*  For  the  combustion  of  the  residue  obtained  after  treatment  with  pota<«- 
siimi-cupric  chloride,  5  c.c.  of  chromic  and  60  c.c.  of  sulphuric  acid  (sp.  gr. 
1.71)  saturated  with  chromic  acid  are  used.  The  whole  filter  with  precipitate 
is  placed  in  the  flask.  It  is  well,  however,  to  push  the  asbestos  out  of  the 
fimnel  in  order  to  make  sure  that  it  all  comes  in  contact  with  the  solution. 

tCorieis  used  phosphorus  pentoxide  for  a  drying  agent,  but  calciym 
chloride  is  satisfactory. 

}  It  is  well  to  place  a  small  tube,  10  cm.  long,  containing  solid  chromium 
trioxide,  between  the  flask  and  the  copper  oxide  tube  in  order  to  remove- 
traces  of  SO,. 
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ent,  it  is  evident  that  the  combustion-tube  can  be  dispensed  with 
for  technical  purposes. 

Combustion  of  Carbon  in  the  Wet  Way  and  Measuring  the 

Volume  of  the  Carbon  Dioxide. 

This  operation  is  best  carried  out  by  means  of  the  Lunge- 
Marchlewski  method. 

The  apparatus  necessary  is  shown  in  Fig.  50.  In  this  case, 
however,  the  decomposition-flask  is  larger  and  there  should  be 
a  ground-glass  connection  between  the  flask  and  a  condenser. 
Furthermore,  a  funnel-tube  is  fused  into  the  neck  of  the  flask, 
and  runs  along  the  side  of  the  flask  on  the  inside  ending  in  a 
quite  fine  point  near  its  bottom.  The  upper  end  of  the  condenser  is 
connected  with  the  measuring-tube  by  means  of  a  capillary  tube 
about  36  cm.  long,  ground  to  fit  the  condenser-tube. 

Reagents, — 1.  A  saturated,  neutral  solution  of  copper  sulphate. 

2.  A  chromic  acid  solution  (100  gms.  CrO,  in  100  c.c.  of  water). 

3.  Sulphuric  acid  of  specific  gravity  1.65  and  saturated  with 
chromic  acid. 

4.  Sulphuric  acid  of  specific  gravity  1.71,  also  saturated  with 
chromic  acid. 

5.  Pure  sulphuric  acid  of  specific  gravity  1.10. 

6.  Commercial  hydrogen  peroxide  solution. 

Procedure. — ^The  amount  of  iron  or  steel  to  be  weighed  out 
and  the  necessary  quantities  of  the  reagents  are  shown  in  the 
following  table: 


Per  Cent.  C. 

Weigh 
Out. 

e.o. 

Copper 

Sulphate 

Solution. 

e.o. 
Chromic 

Acid 
Solution. 

o.e. 

Acid 

8d.  Gr. 

1.66. 

e.e. 

Acid 

Sp.  Gr. 

1.71. 

e.e. 
Acid 
Sp.  Gr. 
1.10. 

e.e. 

Over  1.5 
0.8-1.5 
0.5-0.8 
0.25-0.5 
Less  than  0 .  25 

0.4-0.6 
1 
2 
3 
5 

5 
10 
20 
50 
50 

5 
10 
20 
45 
50 

135 
130 
130 

75 
..  70 

30 

25 

5 

5 

5 

1 
2 
2 
2 
2 

The  substance  is  treated  with  the  copper  sulphate  solution  in 
the  decomposition-flask  at  the  ordinary  temperature.  Malleable 
iron  is  allowed  to  stand  for  at  least  one  hour,  while  pig  iron  re- 
quires at  least  six  hours.     The  flask  is  then  connected  with  the 
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measuring-tube,  which  is  filled  with  mercury,  and  the  air  in  the 
flask  is  exhausted  as  was  described  on  p.  307.  After  this  is  ac- 
complished, the  levelling-tube  is  placed  in  a  low  position  and  the 
proper  amount  of  the  chromic  acid  solution  is  added  through  the 
funnel,  followed  first  by  the  proper  amount  of  the  stronger  acid  and 
then  by  that  of  the  weaker  acid,  after  which  the  stop-cock  in  the 
funnel  is  quickly  closed.  The  communication  between  the  meas- 
uring-tube and  the  flask  remains  open.  With  the  levelling-tube 
remaining  in  its  low  position,  the  contents  of  the  flask  are  heated 
to  gentle  boiling,  which  is  continued  for  one  hour,  and  the  flame 
is  then  removed.  Now,  in  order  to  remove  the  last  traces  of 
carbon  dioxide  from  the  solution,  the  prescribed  amount  of  hydro- 
gen peroxide  is  added  to  the  contents  of  the  flask  and  the  flask 
is  afterwards  completely  filled  with  hot  water  until  all  of  the  gas  is 
driven  over  into  the  measuring-tube.  The  stop-cock  h  is  then 
closed,  the  gas  is  reduced  to  the  volume  corresponding  to  0°  C. 
and  760  mm.  pressure  as  described  on  p.  305  and  this  volume 
read.  It  is  then  driven  over  into  the  Orsat  tube  and  the  volume 
of  the  unabsorbed  gas  is  determined  as  before.  The  difference 
between  the  two  readings  represents  the  amount  of  carbon  dioxide 
measured  under  the  standard  conditions  of  temperature  and 
pressure.  If  this  is  multiplied  by  the  factor  0.000536  the  amount 
of  carbon  present  will  be  obtained. 

After  the  analysis  has  been  completed,  a  blank  determination 
must  be  made,  using  the  same  amounts  of  each  reagent,  in  order 
to  determine  small  amounts  of  organic  matter  which  are  invariably 
present  in  them.  The  amount  of  carbon  dioxide  found  under 
these  conditions  must  be  subtracted  from  that  obtained  in  the 
analysis  proper. 

Method  of  HempeL"^ 

Hempel  objects  to  the  above  procedure  on  the  ground  that  by 
dissolving  the  iron  in  the  mixture  of  chromic  and  sulphuric  acids 
some  hydrocarbon  is  likely  to  escape  oxidation.  He  found  that 
by  dissolving  iron  in  chromic  sulphuric  acid  under  diminished  pres- 
sure in  the  presence  of  mercury  all  of  the  carbon  would  be  readily 
oxidized  to  its  dioxide.     Fig.  54  represents  the  apparatus  used. 


*  Verhandlg.  d.  Vereins  z.  BefOrd.  d.  Gewerbefleisses,  1893. 
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Reagents  Required. 

1.  Cbromic  acid  solutioo.  100  gms.  of  chromic  acid  are  dis- 
solved  in   300   c.c.    of   water   and 

30  gms.  of  sulphuric  acid,  sp.  gr. 
1.704,  are  added.  The  resulting 
solution  has  a  specific  gravity  of 
1.2. 

2.  Sulphuric  acid.  1000  c.c.  of 
concentrated  sulphuric  acid  are 
mixed  with  500  c.c.  of  water  and 
10  gms.  of  chromic  acid  and  heated 
for  an  hour  in  a  large  fiask  upon 
a  sand-bath  in  order  to  completely 
destroy  any   dust,   etc.,   that  may 

.be    present.     The    flame    is    then 
taken  away  and  a  current  of  air  is 
slowly  conducted  through  the  solu- 
tion in  order  to  remove  any  carbon  pm.  54, 
dioxide  that  may  have  been  formed. 

After  cooling  the  solution  is  diluted   with   water  until  it  has  a 
specific  gravity  of  1.704. 

Procedure. 

About  0.5  gm.  of  the  iron  or  steel  is  placed  in  the  decompo^- 
tion-flask  B,  about  2.3  gms.  of  mercury  are  added  by  means  of 
a  small  pipette,  and  the  apparatus  is  connected  together  as  is 
.'hown  in  the  drawing. 

By  raising  the  levelling-bulb  N,  the  measuring-tube  M  is  entirely 
filled  with  mercury,  the  stop-cock  is  closed,  and  the  apparatus  is 
connected  at  p  with  a  suctioti-pump,  by  means  of  which  the  air  in  the 
flask  B  is  exhausted  as  completely  as  possible.  In  order  to  make 
sure  that  the  ground-glass  connection  between  the  flask  and  the 
condenser  is  periectly  air-tight,  a  little  water  is  poured  into  the 
cup  there.  Into  the  funnel  C  are  placed  30  c.c.  of  chromic 
acid  solution,  the  stop-cock  at  p  is  closed,  and  by  carefully  lifting 
the  latter  a  Uttle  the  chromic  acid  is  allowed  to  run  into  the  flask, 
which  is  immediately  heated  to  boiling  over  a  small  flame.  After 
boiling  for  half  an  hour,  120  c.c.  of  siilphunc  acid  are  added  through 
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C,  the  stop-cock  at  3f  is  now  opened  for  the  first  time  and 
the  contents  of  the  flask  boiled  for  half  an  hour  longer.  (At  the 
start  only  carbon  dioxide  is  generated,  in  proportion  to  the  tem- 
perature of  the  solution,  but  toward  the  end  of  the  operation  there 
is  a  fairly  lively  evolution  of  oxygen.)  The  flame  is  removed,  the 
gas  in  the  flask  is  carried  over  into  M  by  pouring  water  into  C  and 
lifting  the  tube  p  until  the  gas  in  the  flask  is  entirely  expelled. 
The  total  volume  of  the  gas  is  read,  after  which  the  carbon  dioxide 
is  absorbed  in  a  Hempel's  potash  pipette  and  the  volume  of  the 
unabsorbed  gas  is  determined.  The  difference  represents  the 
amoimt  of  carbon  dioxide  formed  by  the  oxidation.  From  this 
the  amount  of  carbon  present  can  be  computed. 

The  measuring  of  the  gas  in  this  apparatus  will  be  described 
more  in  detail  in  Part  III,  Gas  Analysis. 

Other  methods  for  the  determination  of  the  volume  of  the  car- 
bon dioxide  formed  from  the  carbon  in  iron  or  steel  are  those  of  J. 
Wiborgh,*  Otto  Petterson  and  August  Smitt.f 

Combustion  of  Carbon  in  the  Dry  Way. 

Only  a  rough  outline  of  this  method  will  be  given,  for  it  is  not 
used  as  much  now  as  formerly.  J 

The  carbonaceous  residue  obtained  as  described  on  page  315  is 
placed,  together  with  the  asbestos  filter,  in  a  wide  combustion-tube 
containing  copper  oxide.  The  contents  of  the  tube  are  heated  in  a 
current  of  oxygen  and  the  carbon  dioxide  is  absorbed  in  weighed 
soda-lime  tubes.  Blair  filters  the  residue  through  a  perforated 
platinum  boat  which  may  be  placed  in  the  combustion-tube. 
Before  absorbing  the  carbon  dioxide,  the  gas  should  be  passed 
through  a  saturated  sohition  of  ferrous  sulphate  containing  a  little 
sulphuric  acid  (to  oxidize  any  chlorine),  then  through  a  saturated 
solution  of  silver  sulphate  (to  reiiove  any  hydrochloric  acid),  and 
finally  through  a  U  tube  containing  calcium  chloride  (to  remove 
all  moisture). 

*  Zeit.  f.  anal.  Chem.,  XXIX  (1890),  p.  198. 

ilbid.,  XXXII  (1893),  p.  385. 

X  Blair  considers  this  the  most  accurate  method  for  the  detennination  of 
carbon  in  iron  and  steel.  It  is  almost  universally  used  in  the  steel  labora- 
tories of  the  United  States. — [Translator.] 
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For  the  direct  determination  of  the  carbon  in  iron  and  steel,  the 
combustion  cannot  be  effected  by  simply  Ideating  the  substance  in 
a  current  of  oxygen,  for  the  iron  is  usually  only  superficially  oxi- 
dized. If,  however,  the  finely  divided  iron  is  mixed  with  three 
parts  of  lead  and  one  part  of  copper,  ♦  the  combustion  can  be 
accomplished  without  difficulty. 

Determination  of  Graphite. 

One  gram  of  pig  iron  is  treated  with  75  c.c.  of  nitric  acid 
(sp.  gr.  1.13)  in  a  300-c.c.  beaker  and  heated  to  boiling  until  there 
is  no  further  evolution  of  gas.  By  this  means  the  carbide  carbon 
is  dissolved  while  the  graphite  is  not  attacked.  The  solution  is 
diluted  with  water  to  150  c.c,  and  filtered  through  an  ignited 
asbestos  filter.  The  residue  is  washed  with  dilute  nitric  acid  until 
free  from  iron,  and  then  with  hot  water  until  free  from  acid.  After 
drying  at  110°,  the  asbestos  and  graphite  are^  transferred  to  a 
combustion-tube  and  the  carbon  burned  in  a  current  of  pure 
oxygen  as  described  on  page  322.  From  the  weight  of  carbon 
dioxide  absorbed,  the  amount  of  graphite  is  calculated. 

Remark, — The  above  procedure  is  quite  different  from  that 
given  in  the  German  edition  of  this  book.  It  is,  however,  the 
method  which  is  now  used  by  the  students  of  the  Massachusetts 
Institute  of  Technology. — [Translator.] 

Determination  of  Carbon  and  Hydrogen  in  Organic  Substances, 

according  to  Liebig. 

{Elementary  Analysis,) 

Principle, — ^The  organic  substance  is  burned  in  air  or  in  oxygen 
and  the  products  of  the  combustion  are  passed  over  glowing  cop- 
per oxide,  which  oxidizes  all  of  the  carbon  to  carbon  dioxide 
and  the  hydrogen  to  water.    The  latter  is  collected  in  a  weighed 
calcium  chloride  tube,  the  former  in  a  weighed  vessel  which  con- 
tains either  caustic  potash  solution  or  dry  soda-lime. 
The  combustion  is  performed 
(a)  In  an  open  tube; 
^  (b)  In  a  closed  tube. 


*  Schneider,  Oesterr.  Zeitschr.,  1894,  No.  21. 
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(a)  Combustion  in  an  Open  Tube. 

By  far  the  greater  majority  of  all  combustions  are  carried  out 
in  this  way. 

Requirements. — 1.  An  open  tube  made  of  difficultly-fusible  glass 
which  is  from  12-15  mm.  wide.  The  length  of  the  tube  depends 
upon  that  of  the  combustion-furnace;  it  must  be  10  cm.  longer 
than  the  furnace. 

2.  350  gms.  of  coarse  and  50  gms.  of  fine  copper  oxide. 

3.  A  drying  apparatus  (Fig.  55,  on  the  left). 

4.  A  calcium  chloride  tube  (Fig.  57). 

5.  A  Geissler  potash  bulb  (Fig.  56)  or  two  soda-lime  tubes  (see 
p.  29S,d  and  e). 

6.  A  screw-cock. 

7.  Dry  rubber  tubing. 

8.  Two  plates  of  asbestos  board  to  protect  the  rubber  stoppers 
in  the  two  ends  of  the  tube  from  the  heat  of  the  furnace. 


Fig.  55. 

Procedure  for  the  Combustion  of  Organic  Substances  Free  from 

Nitrogen,  Halogen,  Sulphur,  and  Metals. 

Preparation  and  Combustion. 

1.  The  calcium  chloride  tube  (Fig.  57)  is  filled  from  the  left 
side  as  was  described  on  p.  294,  closed  with  a  plug  of  glass-wool 
and  the  end  of  the  tube  fused  together,  as  shown  in  the  figure.* 
It  is  more  practical  to  use  a  calcium  chloride  tube  fitted  with 
ground-glass  stoppers.  After  filling  the  tube,  its  contents  are  satu- 
rated with  carbon  dioxide,  as  described  on  p.  298,  in  the  foot-note. 

The  outside  of  the  tube  is  rubbed  with  a  piece  of  chamois  skin 
or  old  linen,  and  the  two  ends  are  stoppered  with  short  pieces 
of  rubber  tubing  each   containing  a  piece  of  stirring-rod.     It  is 

*0r  the  tube  is  stoppered  and  an  air-tight  seal  made  by  covering  it 
neatly  with  sealing-wax. 
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allowed  to  stand  in  the  balance-case  for  fifteen  minutes   and  la 
then  weighed  without  the  stoppers. 

2.  The  Geiasler  bttU)  (Fig.  56)  is  filled  with  caustic  potash  solu- 
tion (two  parts  solid  KOH  in  three  parts  of  water)  as  follows: 
The  small  soda-lime  tubed  is  replaced  by  apiece  of  rubber  tubing, 
c  is  dipped  into  the  solution  of  caustic  potash,  and  the  bulbs  are 
filled  two-thirds  full  by  sucking  through  the  rubber  tubing.     The 


ir 


Fio.  56.  Fio.  57. 

end  of  the  tube  c  is  then  cleaned  by  means  of  a  piece  of  filter^ 
paper,  the  soda-lime  tube  d  is  again  connected  (its  right  half  is 
filled  with  soda-lime  and  the  outer  half  with  calcium  chloride), 
and  the  two  ends  are  closed  with  pieces  of  rubber  tubing  each 
containing  a  piece  of  stirring-rod  with  rounded  ends.  The  apparatus 
is  wiped  with  wash-leather  and  weighed  ivitfuntt  the  stoppera, 
after  taking  the  same  precautions  as  with  the  weighing  of  the 
large  calcium  chloride  tube. 

3.  The  drying  apparatus  (Fig.  55,  on  the  left),  which  serves  to 
free  the  air  and  oxygen  used  for  the  combustion  from  carbon  diox- 
ide and  water  vapor,  consists  of  a  wash-bottle,  D,  containing  con- 
centrated caustic  potash  solution,  the  soda-lime  tube  a,  and  the 
two  calcium  chloride  tubes  b  and  c. 


I  "    J    .    'Ici       .,  L    i-» 

Fia.  5S. 

4.    The   cotnbtistion-tvhe  (Fig.   58),   both   ends   of   which    are 

rounded  by  heatin'j  in  the  blast-lamp;  after  cooling,  the  tube  is 

washed,  dried,  and  filled  as  follows:  First  a  short  roll,  k,  of  copper 

gauze  is  introduced  into  the  right-hand  end  of  the  tube  so  that 
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5-6  en.  of  the  latter  are  left  empty.  This  roll  serves  as  a  plug  and 
must,  therefore,  fit  tightly  in  the  tube.  A  layer  of  coarse  copper 
oxide,  K,  about  45  cm.  long,  is  next  added,  and  after  this  is  placed 
another  plug  of  copper  gauze,  V .  Finally  another  roll  of  copper 
gauze,  d,  about  10  cm.  long  and  large  enough  to  fill  the  tube  loosely^ 
is  placed  so  that  a  space  of  about  10  cm.  is  left  on  the  right  and 
about  5  cm.  on  the  left.  The  tube  is  now  placed  in  a  combus- 
tion-furnace, so  that  about  5  cm.  extend  beyond  the  furnace 
at  each  end,  as  shown  in  Fig.  55.  The  left  end  of  the  tube  is  closed 
with  a  tightly-fitting  rubber  stopper  through  which  a  glass  tube 
passes,  and  is  connected  with  the  drying  apparatus  by  means  of 
a  short  piece  of  rubber  tubing.  (The  tube  should  be  provided 
with  a  glass  stop-cock,  as  is  shown  in  Fig.  58,  a,  but  which  is 
lacking  in  Fig.  55.)  The  right  end  of  the  tube  is  left  open  for  the 
time  being. 

A  slow  current  of  oxygen  ♦  is  passed  through  the  apparatus 
and  the  furnace  is  lighted.  At  first  the  flame  is  turned  low  and 
the  whole  tube  is  heated  equally.  Gradually  the  temperature 
is  raised,  imtil,  with  the  tiles  covering  the  tube,  the  copper  oxide 
is  at  a  dull-red  heat. 

Usually  some  water  condenses  in  the  right-hand  end  of  the 
tube ;  this  is  expelled  by  carefully  holding  a  hot  tile  under  the  tube. 
When  all  the  water  is  removed,  and  when  the  presence  of  oxygen 
<5an  be  detected  at  the  right  end  of  the  tube  (by  its  igniting  a 
glowing  splinter),  this  end  of  the  tube  is  closed  with  a  rubber 
stopper  through  which  an  open  calcium  chloride  tube  is  placed. 
The  burners  are  now  turned  down  and  the  oxygen  current  dis- 
continued. All  of  the  flames  are  extinguished  after  some  time 
except  thos3  imder  the  right  half  of  the  tube. 

While  the  tube  is  cooling,  the  calcium  chloride  tube  and  the 
potash  bulb  (or  soda-lime  tubes)  are  weighed  (the  stoppers  being 
replaced  immed-iately  after  the. weighing)  and  from  0.15-0.2  gm.  of 
the  substance  is  weighed  into  a  porcelain  or  platinum  boat. 

If  the  substance  is  a  difficultly-volatile  oil  it  is  weighed  into  a 


♦The  oxygen  must  be  free  from  hydrogen.  Commercial  oxygen  often 
contains  the  latter,  in  which  case  it  is  necessary  to  pass  the  gas  through  a 
'''preheating*'  furnace  before  using  it.  The  gas  should  come  from  a  gaa- 
ometer,  never  from  the  bomb  itself. 
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small  glass  tube  open  at  one  end.    If  it  is  readily  volatile,  a  bulb 
is  blown  into  a  small  capillary  tube;  this  is  weighed,  the  bulb  is 
warmed,  and  the  capillary  is  introduced  into  the  liquid  to  be  ana- 
lyzed, so  that  the  liquid  rises  in  the  bulb  as  it  cools.    The  bulb  is 
then  turned  so  that  the  capillary  Ues  in  a  horizontal  position,  the 
latter  is  warmed  slightly  to  expel  a  little  liquid  that  adheres  to  the 
sides  of  the  tube,  the  end  is  melted  together,  and  the  tube  is  again 
weighed.    Care  must  be  taken  that  there  is  no  liquid  in  the  capil- 
lary.    Everything  is  now  ready  for  the  combustion.    The  stopper 
is  removed  from  the  left  (and  now  cold)  end  of  the  combustion- 
tube,  the  long  copper  roll  is  removed  by  means  of  a  piece  of  wire 
with  a  hook  in  the  end  of  it,  the  boat  with  the  substance  in  it  is 
placed  in  the  tube  and  the  copper  roll  right  after  it.    Connection 
is  made  with  the  drying  apparatus  on  the  left  and  with  the  absorp- 
tion-tubes on  the  right,  as  is  shown  in  Fig.  55.     In  case  the  sub- 
stance is  a  liquid,  the  tube  containing  it  is  placed  so  that  its  capillary 
is  pointed  towards  the  left,  and  in  the  case  of  a  volatile  liquid  the 
«nd  of  the  capillary  is  broken  off  with  a  file  just  before  introducing 
it  into  the  combustion-tube.    The  stop-cock  between  the  tube  and 
the  drying  apparatus  is  closed,  the  latter  is  connected  with  an  air- 
gasometer,  and  the  stop-cock  in  the  drying  apparatus  is  wholly 
opened,  while  that  between  the  drying  apparatus  and  the  com- 
bustion-tube is  opened  just  enough  to  permit  two,  or  at  the  most 
three,  bubbles  of  gas  per  second  to  pass  through  the  apparatus. 
The  two  outer  burners  on  the  left  are  now  lighted  and  the  copper 
oxide  spiral  d  (the  copper  was  changed  to  the  oxide  by  the  ignition  in 
oxygen)  is  slowly  heated  just  to  redness.    The  tube  is  now  gradu- 
ally heated  from  right  to  left,  taking  care  that  the  gas  evolution  is 
never  greater  than  four  bubbles  per  second  through  the  potash 
bulb;  this  can  be  easily  regulated  by  means  of  the  stop-cock  or  by 
turning  the  gas-burners.     When  the  contents  of  the  entire  tube 
have  been  brought  to  redness,  with  the  tiles  in  place,  and  the  boat 
is  empty,  the  combustion  is  usually  complete.     It  is  well,  however, 
to  pass  oxygen  through  the  hot  tube  until  the  gas  can  be  detected 
at  the  right-hand  end  of  the  combustion  train  (a  glowing  splinter 
i^ites  at  n).*    The  flames  are  then  turned  down  and  a  current  of 

*  To  prevent  moisture  from  getting  into  this  tube  from  the  air,  it  is  well  to 
connect  it  with  an  unweighed  calcium  chloride  tube. 
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air  passed  through  the  apparatus  until  the  oxygen  is  completely 
expelled.  A  little  water  always  collects  in  the  front  (right)  end 
of  the  tube,  and  this  must  be  driven  over  into  the  calcium  chloride 
tube  by  holding  a  hot  tile  under  it.  The  calcium  chloride  tube 
and  the  potash  bulbs  are  now  removed,  wiped  off  with  a  piece  of 
chamois  skin  or  a  clean  linen  cloth,  aUowed  to  stand  in  the  balance- 
room  for  twenty  minutes,  after  which  time  they  are  weighed 
without  the  stoppers.  The  gain  in  weight  represents  the  amount 
of  water  and  carbon  dioxide  respectively,  and  from  this  the  amount 
of  hydrogen  and  carbon  can  be  calculated  as  follows: 

If  a  represents  the  weight  of  the  substance,  p  that  of  the  water^ 
and  />'  that  of  the  carbon  dioxide,  then 

HjOiH,   =p:x     and      (X)j:C  =p':x' 

18.02 : 2.02= p:  a;  4A:\2^p'\7f 

2.02  ^    12    ,     3    , 

and  in  per  cent. 

101   p  ^  „  300   p'  ^  ^ 

-_— .  £-=  per  cent.  H         -77-  •  —  =  per  cent.  C 
9.01  a    '^  11     a     '^ 

Determination  of  Carbon  and  Hydrogen  in  Nitrogenous  Organic 

Substances. 

By  the  combustion  of  many  organic  substances  containing  nitro- 
gen, especially  nitroso-  and  nitro-compounds,  oxides  of  nitrogen  are 
formed  which  are  partly  absorbed  in  the  calcium  chloride  tube  and 
partly  in  the  potash  bulb,  so  that  if  such  substances  were  analyzed 
according  to  the  previous  process,  both  the  carbon  and  hydrogen 
results  will  be  too  high.  If,  however,  an  unreduced  copper  spiral 
is  introduced  in  the  front  (right)  end  of  the  combustion-tube, 
this  serves  to  reduce  the  oxides  of  nitrogen  to  nitrogen  itself,  and, 
as  the  latter  is  not  absorbed,  correct  results  will  be  obtained. 

The  copper  spiral  is  prepared  by  rolling  together  a  piec3  of 
copper  gauze  about  10  cm.  wide,  making  it  as  large  as  will  con- 
veniently pass  into  the  combustion-tube.  The  spiral  is  heated 
till  it  glows  by  holding  it  in  a  large  gas  flame,  and  while  still  hot 
it  is  thrown  into  a  test-tube  containing  one  or  two  cubic  centi- 
meters of  methyl  alcohol.    The  alcohol  quickly  boils  away,  but 
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some  of  it  is  oxidized  to  aldehyde  by  the  hot  copper  oxide,  and 
the  latter  is  reduced  completely  to  bright  metallic  copper.  The 
spiral  is  taken  out  with  a  pair  of  crucible  tongs  and  dried  by 
quickly  passing  it  through  a  flame  a  few  times,  and  while  still 
warm  it  is  introduced  into  the  front  end  of  the  combustion-tube, 
which  has  been  previously  burned  out  as  described  in  the  pre- 
vious analysis. 

To  carry  out  the  combustion,  the  stop-cock  between  the  com- 
bustion-tube and  the  drying  apparatus  is  closed,  the  substance 
introduced  into  the  tube,  and  the  copper  oxide  spiral  at  d  is  first 
heated  and  then  the  reduced  spiral  at  the  other  end  of  the  tube. 
Then  beginning  at  d,  one  burner  is  lighted  after  another,  until 
finally  the  entire  contents  of  the  tube  are  heated  to  a  dull  redness 
and  no  more  bubbles  escape  through  the  potash  bulb.  Now  for 
the  first  time  the  stop-cock  is  opened  somewhat  and  oxygen  is 
passed  through  the  tube  until  it  can  be  detected  at  n.  The  flames 
are  then  turned  down,  the  oxygen  replaced  by  air,  and  the  analysis 
completed  as  in  the  previous  case. 

Difficultly-combustible  substances  are  mixed  with  powdered 
copper  oxide  (which  has  been  ignited)  and  placed  in  a  copper  boat. 

{h)  Combustion  in  a  Closed  Tube, 
Requirements. — 1.  A  so-called    bayonet-tube    as    is  shown  in 


Fig.  60. 

2.  300  gms.  of  coarse-grained  copper  oxide. 

3.  50  gms.  of  powdered  copper  oxide. 

4.  A  copper  crucible  of  about  80  c.c.  capacity. 

5.  A  copper  fimnel  (Fig.  60,  T)  or  a  broken-off  glass  funnel. 

6.  Two  pear-shaped  flasks  fitted  with  rubber  stoppers  con- 
taining a  calcium  chloride  tube  (Fig.  60,  F)  to  hold  the  ignited 
copper  oxide. 

Otherwise  the  apparatus  is  the  same  as  described  under  (a). 
Preparaiion   for   the   Analysis. — ^The   coarse   copper   oxide   is 
thoroughly  ignited  in  the  copper  crucible,  stirring  it  frequently 
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by  means  of  an  iron  wire.  When  the  mass  is  at  a  dull-red  heat, 
it  is  allowed  to  cool  somewhat,  and  is  then  transferred  to  the  dry 
flask  F  by  means  of  the  copper  funnel  T]  the  flask  is  inmie- 
diately  stoppered  with  the  calcium  chloride  tube.  The  same 
process  is  repeated  with  the  fine  copper  oxide. 

Filling  the  Tvbe, — ^A  plug,  6,  of  ignited  asbestos  is  placed  in 
the  tube  (Fig.  59),  the  latter  is  clamped  to  a  ring-stand  at  an  angle 
of  45°,  and  a  layer  of  coarse  copper  oxide,  10  cm.  long,  is  trans- 
ferred from  the  flask  F  into  the  tube.    The  substance  is  next  added 


Fig.  60. 

in  a  boat  and  powdered  copper  oxide  is  shaken  upon  it  until  a 
layer  about  5  cm.  long  is  produced,  and  this  is  mixed  with,  the 
substance  by  means  of  a  long  copper  wire  wound  like  a  cork-screw 
at  the  end.  The  wire  is  then  cleaned  by  means  of  a  little  pow- 
dered copper  oxide,  and  the  remainder  of  the  tube  is  nearly  filled 
with  the  coarse  copper  oxide  so  that  only  5  cm.  remain  empty. 
In  case,  however,  the  substance  contains  nitrogen,  space  is  left 
for  the  reduced  copper  spiral.  A  small  canal  is  now  produced 
in  the  copper  oxide  layer  by  gently  tapping  the  tube  upon  the 
table,  and  the  fiUed  tube  is  placed  in  the  combustion-furnace  and 
connected  with  the  absorption-tubes  as  in  Fig.  55.  First,  the 
right  end  of  the  tube  is  heated  and  the  heating  is  continued  toward 
s  until  the  coarse-grained  copper  oxide  is  heated  to  redness  through- 
out three-quarters  of  its  entire  length ;  but  for  the  present  care  is 
taken  not  to  heat  the  tube  where  the  substance  is  placed.  The 
tube  is  then  heated  at  h  and  the  heating  is  continued  toward  c, 
until  finally  s  is  reached.  After  the  tube  has  become  heated 
equally  throughout  its  entire  length,  the  right-hand  tile  of  the 
furnace  is  removed,  so  that  the  back  end  of  the  tube  will  cool 
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somewhat.  When  no  moie  bubbles  are  seen  to  pass  through  the 
potash  bulb;  and  the  potash  b^ns  to  suck  back,  a  piece  of  rub- 
ber tubing  provided  with  a  screw-cock  and  connected  with  the 
drying  apparatus  is  drawn  over  the  point  of  the  tube.  The  dry- 
ing apparatus  is  connected  with  an  oxygen  gasometer  and  oxygen 
is  allowed  to  pass  through  the  apparatus.  When  this  is  accom- 
plished the  point,  a,  of  the  tube  (Fig.  59)  is  broken  off  inside  the 
rubber  tubing  with  the  fingers,  the  screw-cock  is  cautiously  opened, 
and  oxygen  is  slowly  passed  through  the  tube  until  it  can  be  de- 
tected at  the  front  end  of  the  combustion  train.  The  flames  are 
then  turned  down,  the  oxygen  removed  by  a  current  of  air,  and 
the  analysis  completed  as  described  under  (a). 

Combustion  of  Organic  Substances  Containing  Halogens. 

The  analysis  is  conducted  exactly  the  same  as  in  the  case  of 
nitrogenous  substances,  except  instead  of  a  reduced  copper  spiral 
one  of  silver  is  used  to  keep  back  any  halogen  set  free.  The 
silver  spiral  should  not  be  heated  to  redness,  but  only  to  about 
180-200**  C.  In  case  a  silver  spiral  is  not  at  hand,  a  long  copper 
spiral  is  used,  its  end  reaching  outside  the  furnace. 

Combustion  of  Organic  Substances  Containing  Sulphur. 

Sulphur  compounds  cannot  be  burned  in  a  tube  containing 
<jopper  oxide,  for  the  sulphur  dioxide  escapes  and  is  partly  ab- 
sorbed by  the  water  in  the  calcium  chloride  tube  and  partly  in 
the  potash  bulb,  so  that  absolutely  worthless  results  are  obtained. 
Instead  of  the  long  layer  of  copper  oxide,  one  of  ignited  lead  chro- 
mate  is  used.  The  latter  oxidizes  the  sulphur  dioxide  to  sulphur 
trioxide,  forming  difficultly-volatile  lead  sulphate  which  remains 
in  the  tube.  When  lead  chromate  is  used,  the  combustion  must 
take  place  at  a  lower  temperature  than  with  copper  oxide,  for 
the  former  melts  easily,  and  by  adhering  to  the  glass  is  likely  to 
cause  the  tube  to  break. 

Combustion  of  Organic  Substances  Containing  Metals. 

If  the  substance  contains  alkalies,  alkaline  earths,  or  cadmium, 
a  part  of  the  carbon  will  remain  in  the  tube  as  carbonate.    In 


332      GRAyiMETRIC  DETERMINATION  OF  THE- METALLOIDS, 

this  case  the  substance  is  mixed  in  the  boat  with  a  mixture  of  ten 
parte  of  powdered  lead  chromate  and  one  part  of  potassium  chro- 
mate,  and  the  combustion  is  conducted  as  is  the  case  when  sul- 
phur is  present. 

Dumas'  Method  for  Determining  Nitrogen  in  Organic 

Substances. 

This  determination  should  really  be  discussed  under  Part  III^ 
but  it  will  be  described  here  on  accoimt  of  ite  being  an  analysis 
by  combustion. 

Principle, — ^The  substance  is  burned  in  a  combustion-tube, 
free  from  air,  which  contains  copper  oxide  and  copper  spirals 
exactly  as  in  the  determination  of  the  hydrogen  and  carbon  in 
substances  containing  nitrogen,  but  in  this  case  the  nitrogen 
evolved  is  measured. 

Procedure. — ^This  determination  may  be  carried  out  in  either 
a  closed  or  open  tube. 

» 
(a)  Determination  in  a  Closed  Tube, 

The  necessary  apparatus  is  shown  in  Fig.  61.  The  combus- 
tion-tube is  closed  at  one  end  and  is  about  75  cm.  long.  It 
contains  at  Af  a  layer  of  magnesite  15  cm.  long,  in  pieces  about  the 
size  of  a  pea,  followed  by  a  loose  plug  of  ignited  asbestos  and 
then  a  10-cm.  layer  of  coarse  copper  oxide,  S,  The  substance 
is  added  at  a  in  a  boat  and  mixed  with  powdered  copper  oxide 
by  means  of  a  spiral  wire  (cf.  p.  330),  after  which  a  layer  of 
coarse  copper  oxide  *  about  40  cm.  long  is  added,  and  finally 
the  reduced  copper  spiral  (prepared  as  described  on  p.  328).  The 
tube  is  then  placed  in  a  combustion-furnace  and  connected  with 
an  azotometer,t  as  shown  in  the  figure,  which  is  filled  with  mer- 
cury to  a  little  above  the  lower  end  of  r,  and  upon  this  is  placed 
a  liberal  amount  of  50  per  cent,  caustic  potash  solution. 

The  experiment  is  begun  by  heating  the  left  half  of  the 
magnesite  layer  whereby  the  air  in  the  tube  is  expelled  by  the 


•  The  copper  oxide  must  be  previously  ignited,  as  described  on  p.  329. 
t  H.  Schiff,  Berichte,  XIII.  p.  885. 
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<;arbon  dioxide  and  collects  in  the  azotometer.  The  bubbles  rise 
through  the  caustic  potash  solution,  and  as  soon  as  they  are  com- 
pletely absorbed  by  the  latter,  the  air  is  expelled  by  raising  the 
levelling-tube.  The  stop-cock  is  closed  and  the  heating  continued 
for  a  short  time  longer,  to  make  sure  that  the  air  is  completely 
removed  from  the  tube.  The  flame  is  then  put  out  under  M;  the 
tube  is  heated  first  at  R  and  the  burners  are  lighted  one  after 


Fio.  61. 


another  toward  the  left  until  about  three-quarters  of  the  layer  of 
coarse  copper  oxide  is  heated  to  a  dull  redness.  The  tube  is  then 
heated  at  S  and  the  process  is  continued  as  in  an  ordinary  com- 
bustion until  the  whole  tube  (with  the  exception  of  the  part  where 
the  magnesite  is  found)  is  heated  to  a  uniform  temperature  and 
finally  no  more  nitrogen  is  evolved. 

The  heating  must  be  accomplished  so  that  there  will  be  a  slow 
but  steady  evolution  of  nitrogen.  When  the  combustion  is  com- 
plete, the  magnesite  layer  is  once  more  heated  and  the  nitrogen 
remaining  in  the  tube  is  completely  driven  over  into  the  azotom- 
eter by  the  carbonic   acid  set  free.      As  soon  as  the  volume  of 


334     GRAVIMETRIC  DETERMINATION  OF  THE  METALLOipS. 

the  gas  in  the  azotometer  remains  constant,  the  experiment  is 
ended  and  it  remains  only  to  measure  the  nitrogen. 

For  this  purpose  the  azotometer  together  with  the  connecting^ 
piece  of  rubber  tubing  is  removed  from  the  combustion-tube  and 
the  tubing  closed  by  means  of  a  pinch-cock.  A  little  water  is  added 
to  the  funnel  of  the  azotometer,  and  from  1  to  2  c.c.  are  allowed 
to  run  into  the  measuring-tube  by  lowering  the  levelling-bulb 
and  cautiously  opening  the  stop-cock,  which  mu^  be  immediately 
closed  again  as  soon  as  the  sides  of  the  tube  above  the  potassium 
hydroxide  solution  have  become  wet.  The  apparatus  is  then  set 
aside  for  at  least  twenty  minutes  at  a  place  where  a  uniform 
temperature  prevails,  after  which  the  gas  levelling-tube  is  raised 
until  the  solution  in  it  stands  at  exactly  the  same  height  as  that 
in  the  tube,  when  the  volume  is  read.  At  the  same  time  the 
barometer  and  thermometer*  readings  are  noted. 

The  weight  of  the  nitrogen  present  is  computed  as  follows: 
Let  us  assume  that  a  gms.  of  the  substance  were  used  for  the 
analysis  and  V  c.c.  of  nitrogen  were  obtained  at  /°  C.  and  B  mm. 
barometric  pressure.  Since  the  sides  of  the  tube  were  moistened 
with  water,  we  have  the  tension  of  water  vapor  at  the  given  tem- 
perature within  the  tube,  which  we  will  designate  by  u\  In  order 
to  obtain  the  weight  of  the  nitrogen,  its  volume  must  be  first  re- 
duced  to  0°  C.  and  760  nwn.  pressure, 

^       760(273+0 

and  from  this  the  weight  of  the  nitrogen  present  is  deduced  as  fol- 
lows: 

22,391t:  28.08  =  ^0-^ 

^28^8^^ 
^    22,391^ 


♦  An  accurate  thermometer  should  hang  at  the  side  of  the  azotometer. 

t  A  gram-molecule  of  any  gas  measured  at  0**  and  760  mm.  is  22.391  1.  or 
22^91  c.c.  Since  28.08  is  the  molecular  weight  of  nitrogen,  then  28.08 
gms.  would  be  contained  in  22,391  c.c.  or  1  c.c.  of  nitrogen  gas  at  0°  and 
760  mm.  would  weigh  0.0012540.  Raleigh  and  Ramsey  found  1  c.c.  N« 
0.0012505.     Formerly  the  value  1  c.c.  N=- 0.001 25G  \s-as  used. 
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and  in  per  cent., 

a:0.001254Vo=100:x 

V 
x= 0.1254-5 -per  cent.  N. 

Remark, — If  no  water  was  added  to  the  azotometer,  it  can  be 
assumed  that  the  gas  is  practically  dry;  the  reduced  volume 
would  then  be 

V'B'27S 


y«= 


760(273+0* 


It  is  advisable  to  add  the  water,  however,  as  there  is  often  a 
little  foam  formed  at  the  upper  surface  of  the  caustic  potash  solu- 
tion, and  the  water  causes  this  to  disappear. 

If  the  apparatus  is  allowed  to  stand  for  a  long  time  over  the 
potash  solution  after  the  addition  of  the  water,  the  gas  will  become 
more  or  less  dry  again,  so  that  it  is  impossible  to  tell  what  cor- 
rection to  make.  In  this  case  a  little  more  water  should  be  added, 
the  apparatus  allowed  to  stand  twenty  minutes  more,  the  volume 
read,  and  the  tension  of  aqueous  vapor  for  the  given  temperature 
subtracted  from  the  barometer  reading. 

(6)    Determination  of  Nitrogen  in  an  Open  Tube. 

The  determination  is  carried  out  in  practically  the  same  way 
as  before,  except  that  in  this  case  the  carbon  dioxide  is  generated 
outside  of  the  tube.  If  the  combustion-tube  of  Fig.  61  is  imag- 
ined to  be  cut  off  at  M  and  connected*  by  means  of  the  two-bulbed 
tube  with  a  long  test-tube,  as  shown  in  the  upper  part  of  the  fig- 
ure, the  apparatus  necessary  for  this  determination  will  be  seen. 

The  long  test-tube  contains  sodium  bicarbonate,  and  it  is  cov- 
ered with  a  piece  of  copper  gauze  in  order  that  it  may  be  heated 
more  uniformly. 

At  S  is  a  long  copper  oxide  spiral,  this  is  followed  by  a  copper 
boat  containing  the  substance  mixed  with  powdered  copper  oxide, 
then  the  long  layer  of  coarse  copper  oxide,  and  finally  the  reduced 
copper  spiral.  After  the  connection  with  the  azotometer  has  been 
made,  the  tube  containing  the  sodium  bicarbonate  is  heated  and 
the  air  removed  from  the  combustion-tube  by  means  of  the  carbon 
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dioxide  evolved.  The  greater  part  of  the  water  that  is  simul- 
taneously set  free  collects  in  the  two-bulbed  tube.  Otherwise 
the  procedure  is  exactly  the  same  as  in  the  former  case. 

Remark. — The  advantage  of  this  method  over  the  former  lies 
in  the  fact  that  the  combustion-tube  can  be  used  for  a  large  num- 
ber of  nitrogen  determinations  without  refilling  it  each  time. 

With  difficultly-combustible  substances  the  author  prefers  to 
work  with  the  closed  tube,  for  in  this  way  it  is  possible  to  get 
a  very  intimate  mixture  of  the  substance  with  the  powdered 
copper  oxide. 

Oxalic  Acid,  H2C2O4.    Mol.  Wt.  90.02. 

Forms:   Calciiun  Oxide,  CaO,  and  Carbon  Dioxide, 

CO2. 

Determination  as  Calcium  Oxide. 

The  neutral  solution  of  an  alkali  oxalate  is  treated  with  a  few 
drops  of  acetic  acid,  heated  to  boiling,  and  precipitated  with  boil- 
ing calcium  chloride  solution.  After  standing  twelve  hours  the 
precipitate  is  filtered  off,  washed  with  hot  water,  ignited  wet  in 
a  platinum  crucible,  and  from  the  weight  of  the  calcium  oxide  the 
amount  of  oxalic  acid  is  calculated  as  follows: 

CaO:HaCA==p:^ 

Determination  as  Carbon  Dioxide. 

Principle. — ^The  method  is  based  upon  the  fact  that  oxalic  acid 
on  being  heated  with  manganese  dioxide  and  dilute  sulphuric 
acid  is  quantitatively  oxidized  to  carbon  dioxide: 

H,C204+  MnOj-f  HjSO^  =  MnSO^-f-  2njd+  2C0j. 

Procedure. — ^A  weighed  amount  of  the  oxalate  is  treated  with 
one  and  a  half  times  as  much  manganese  dioxide  (free  from  car- 
bonate) either  in  the  apparatus  shown  on  page  293  (Fig.  47)  or 
in  that  of  Fresenius-Classen  (Fig.  48,  p.  298).     The  procedure  ia 
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exactly  the  same  as  was  described  for  the  determination  of  carbon 
dioxide.    If  p  gm.  of  carbon  dioxide  were  found,  this  corresponds  to 

p- 1.023  gm.  =  Oxalic  Acid,  11,0204. 

Remark, — ^Both  methods  give  good  results,  but  oxalic  acid 
can  be  much  more  conveniently  determined  by  a  volumetric 
process  (see  Part  II,  Volumetric  Analysis). 

BORIC  ACID,  HBO,.*     Mol.  Wt.  44.01. 

Determination  as  Boron  Trioxide,  B2O3,  by  the  Method  of 

Rosenbladt-Gooch.t 

Principle. — ^Alkali  and  alkaline-earth  borates,  on  being  dis- 
tilled with  absolute  methyl  alcohol  (free  from  acetone)  and  acetic 
acid,  give  up  all  their  boron  in  the  form  of  methyl  borate,  a  liquid 
which  boils  at  65®  C.  If  the  methyl  borate  is  passed  over  a 
weighed  amount  of  lime  in  the  presence  of  water,  it  is  completely 
saponified : 

B(0CH3)s+  3H2O  =  3CH30H4-  B  (0H)3. 

The  boric  acid  set  free  comb  nes  with  the  lime  to  form  calcium 
borate.  If  the  water  containing  the  lime  is  evaporated  to  dryness, 
the  gain  in  weight,  therefore,  represents  the  amount  of  B3O3. 

Procedure. — ^About  1  gm.  of  the  purest  lime  obtainable  is  ig- 
nited to  a  constant  weight  over  the  blast-lamp,  and  as  much 
of  it  as  possible  is  transferred  to  the  dry  Erlenmeyer  flask  (FigT  62) 
which  serves  as  a  receiver.  The  crucible,  with  some  of  the  lime 
adhering  to  it,  is  placed  in  a  desiccator  and  set  aside  for  the  present. 

The  lime  in  the  flask  is  slaked  by  the  careful  addition  of  about 
10  c.c.  of  water,  and  the  flask  is  connected  with  the  distillation- 
flask  as  shown  in  the  figure. 

The  aqueous  solution  of  the  alkali  borate  (containing  not 
more  than  0.2  gm.  B^Oj)  is  treated  with  a  few  drops  of  either 
litmus  or  lackmoid  solution,  and  acetic  acid  is  added  drop  by 
drop  until  the  solution  turns  red.  The  slightly  acid  solution, 
prepared  in  this  way,  is  added  by  means  of  the  funnel  T  to  the 
pipette-shaped  retort,  R,  of  about  200  c.c.  capacity.     The  funnel 

*  This  is  the  formula  of  meta-boric  acid. 

t  Zeit.  f.  anal.  Chem.,  XXVI  (1887),  pp.  18, 364. 
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IB  washed  three  times  by  the  addition  of  2  or  3  cubic  centimeters 
of  water  and  the  stop-cock  is  closed.  The  liquid  is  distilled 
by  placing  A  in  a  parafiine  bath  at  not  over  140°  C,  and  the 
distillate  collected  in  the  Erlenmeyer  flask  containing  the  lime. 
When  all  of  the  liquid  has  distilled  over,  the  paraiRne  bath  is  lowered , 
and  after  R  has  cooled  somewhat,  10  c.c.  of  methyl  alcohol  (free 
from  acetone)  are  added  through  the  funnel  and  the  contents 
of  R  are  again  distilled  off.     This  process  is  repeated  three  times. 


Fio.  62. 
Then  2-3  c.c.  of  water  are  added  to  the  retort,  also  a  few  drops 
of   acetic   acid  until   the    liquid  becomes  distinctly  red  again,* 
and   the   distillation   with    10  c.c.  of   methyl   alcohol  is  repeat- 
ed three  times  more.     At  the  end  of  this  time  all  of  the  boric 

*  By  the  repeated  distillation, the  contents  of  the  retort  become  alkaline,* 
as  shown  by  the  b)u«  color  of  the  solution. 
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acid  will  be  found  in  the  receiver.  The  stoppered  flask  is  thoroughly 
shaken  and  allowed  to  stand  for  an  hour  or  two  in  order  to  make 
sure  that  all  of  the  methyl  borate  is  saponified.  The  contents 
of  the  receiver  are  then  poured  into  a  platinum  dish  of  about 
200  c.c.  capacity  and  evaporated  on  the  water-bath  to  dryness  at 
as  low  a  temperature  as  possible.  During  this  process  the  alcohol 
must  not  be  allowed  to  boil  under  any  circumstances.  Then, 
in  order  to  remove  the  smaU  amount  of  lime  that  remained  adher- 
ing to  the  sides  of  the  flask,  a  few  drops  of  dilute  nitric  acid  are 
added  to  the  receiver,  and,  by  carefully  inclining  the  flask,  its  entire 
inner  surface  is  wet  by  the  acid,  after  which  the  contents  are  washed 
into  the  platinum  dish  and  evaporated  to  dryness  again.  This 
time  the  water  in  the  bath  may  boil,  as  there  is  now  no  danger  of 
losing  the  boric  acid,  the  alcohol  *being  all  removed  by  the  first 
evaporation.  The  residue  in  the  dish  'm  then  gently  ignited  over 
a  small  flame  in  order  to  destroy  the  calcium  acetate*  present; 
it  is  allowed  to  cool  and  is  transferred  by  means  of  a  little  water 
to  the  crucible  in  which  it  was  originally  weighed.  The  dark-colored 
hme  and  carbon  remaining  on  the  sides  of  the  dish  are  dissolved 
in  a  little  nitric  or  acetic  acid  and  washed  into  the  crucible. 
The  contents  of  the  latter  are  evaporated  to  dryness  on  the  water- 
bath,  and,  with  the  cover  upon  it,  the  crucible  is  ignited  at  first 
gently  and  finally  more  strongly  until  a  constant  weight  is  obtained. 
The  increase  in  weight  represents  the  amount  of  BjOg. 

Remark. — ^This  method  affords  faultless  results,  even  in  the 
presence  of  considerable  amounts  of  other  salts.  Free  halogen 
hydride  or  sulphuric  acid  must  not  be  present,  for  these  acids 
form  compound  ethers  with  the  methyl  alcohol  and  distil  over 
with  the  boric  acid,  with  which  they  would  be  weighed.  Instead 
of  using  lime  in  the  receiver,  the  methyl  borate  can  be  distilled 
into  a  dilute  solution  of  ammonium  carbonate,  and  the  latter 
evaporated  with  slaked  Ume  in  a  platinum  dish  immediately  after 
the  distillation.     The  author,  however,  prefers  the  above  method. 

If  one  possesses  a  large  platinum  crucible  (with  a  capacity 
of  from  80  to  100  c.c),  the  first  evaporation  can  take  place  in  this, 
and  it  is  then  advisable  to  place  the  crucible  within  a  ring-shaped 

*  Due  to  the  excess  of  the  acetic  acid  added. 
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copper  or  tin  tube  through  which  steam  passes  (Fig.  16,  page  29). 
In  this  way  the  calcium  acetate  does  not  creep  up  over  the  sides 
of  the  dish,  and  there  is  no  danger  of  any  bumping. 

Determination  of  Boric  Acid  in  Silicates,  Enamel,  etc. 

The  finely-powdered  substance  is  fused  with  four  times  as 
much  sodium  carbonate,  the  melt  is  extracted  with  water,  and 
the  aqueous  solution  containing  all  of  the  boric  acid  is  evaporated 
to  a  small  volume,  acidified  with  acetic  acid,  and,  without  regard 
to  any  separation  of  silica,  the  solution  is  transferred  to  the  Gooch 
retort  and  analyzed  as  above  directed. 

Remark, — ^This  determination  can  be  performed  in  the  presence 
of  fluorine  provided  acetic  and  not  nitric  acid  is  used  to  set  free 
the  boric  acid;  but,  for  that  matter,  it  is  in  no  case  advisable 
to  use  nitric  acid  and  it  is  not  permissible  when  chlorides  are 
present. 

Determination  of  Boric  Acid  in  Mineral  Waters. 

If  the  water  contains  considerable  boric  acid  (0.1  gm.  or  more 
of  B2O3  in  a  liter),  a  weighed  amount  (from  200  to  300  c.c.)  is  evap- 
orated to  a  small  volume,*  the  precipitated  calcium  and  magnesium 
carbonates  are  filtered  off,  the  filtrate  concentrated,  slightly  acidi- 
fied with  acetic  acid,  and  analyzed  as  described  on  page  337. 

If  the  water  contains  only  a  little  boric  acid,  as  is  true  in  the 
great  majority  of  cases,  a  large  amount  must  be  taken  for  the 
determination.  From  10  to  15  liters  are  evaporated  in  a  large 
porcelain  dish  to  about  1  liter,*  the  deposited  salts  are  filtered 
off  (these  never  contain  any  borate),  washed  thoroughly  with 
hot  water,  and  the  filtrate  and  washings  are  evaporated  on  the 
water-bath  until  a  moist  residue  is  obtained.  If  this  residue  does 
not  amount  to  more  than  5  or  6  gms  it  is  redissolved,  acidified 
\vith  acetic  acid,  transferred  to  the  Gooch  retort,  and  distilled  as 
described  on  page  337.  Usually  a  larger  residue  is  obtained,  such 
that  it  cannot  be  conveniently  analyzed  directly,  in  which  case  the 


♦  If  the  water  reacts  alkaline,  it  is  at  once  evaporated;  othem^ise  enough 
sodium  carbonate  solution  is  added  to  make  it  so. 
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boric  acid  is  extracted  from  it.  For  this  purpose  the  residue  is 
acidified  with  a  little  hydrochloric  acid,  thoroughly  stirred  with 
absolute  alcohol,  and  by  means  of  more  of  the  latter  it  is  trans- 
ferred  to  a  flask,  corked  up,  and  allowed  to  stand  twelve  hours  with 
frequent  shaking.  The  boric  acid  will  then  be  found  in  the  alco- 
holic solution.  The  residue  is  filtered  off,  washed  with  96  per  cent, 
alcohol,  diluted  largely  with  water,  1  gm.  of  sodium  hydroxide  is 
added,  the  alcohol  distilled  off  (see  Remark),  and  the  liquid  evap- 
orated until  a  moist  residue  is  obtained.  This  is  again  acidified 
with"  hydrochloric  acid  and  the  above  extraction  with  alcohol,  and 
subsequent  distillation  of  the  alcohol,  after  the  addition  of  water 
and  1  gm.  of  sodium  hydroxide,  is  repeated.  If  the  residue  now  ob- 
tained is  not  too  large,  it  is  gently  ignited  in  order  to  destroy  the  or- 
ganic matter;  after  extracting  with  water,  the  carbonaceous  residue 
filtered  off,  and  the  filtrate  is  acidified  with  hydrochloric  acid.  It  is 
then  made  slightly  alkaline  with  sodium  hydroxide,  after  which  just 
enough  acetic  acid  is  added  to  make  the  solution  react  acid  again. 
The  solution  thus  prepared  is  analyzed  as  described  on  page  337. 

Remark. — ^Unless  a  large  amount  of  water  and  the  sodium 
hydroxide  are  added,  some  of  the  boric  acid  will  be  volatilized 
with  the  alcohol.  It  is  always  best  to  test  the  alcoholic  distillate 
for  boric  acid  as  follows :  A  few  pieces  of  turmeric  root  are  extracted 
with  alcohol,  2-3  drops  of  the  yellow  solution  are  placed  in  a  porce- 
lain dish,  the  alcoholic  solution  to  be  tested  for  boric  acid  and  a  few 
drops  of  acetic  acid  are  added,  after  which  the  solution  ifr  diluted 
with  water  and  evaporated  to  dryness  on  the  water-bath.  Accord- 
ing to  F.  Henz,  if  as  much  as  y^Vr  wigm.  of  boric  acid  is  present, 
a  faint  but  distinct  coloration  will  be  evident,  while  the  presence 
of  yf y  mgm.  will  cause  a  strong  reddish-brown  coloration,  which 
on  being  treated  with  sodium  hydroxide  is  turned  to  the  charac- 
teristic blue-black  color. 

If  boric  acid  is  found  in  the  alcoholic  distillate,  it  must  be 
again  treated  with  water  and  sodium  hydroxide,  and  the  alcohol 
once  more  distilled  off. 

MOLYBDIC  Acid,  HjMoO^.     Mol.  Wt.  162.02. 

The  determination  of  molybdic  acid  has  already  been  con- 
sidered on  page  221. 
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Tartaric  Acid,  nfififit-    Mol.  Wt.  150.06. 

The  composition  of  free  tartaric  acid  as  well  as  that  of  the  tar- 
trates is  determined  by  an  elementary  analysis,  see  page  323. 

Meta-  and  Pyrophosphoric  Acids. 

These  acids  are  changed  to  phosphoric  acid  and  determined 
as  described  on  page  343. 

IODIC  ACID,  HIO3.    Mol.  Wt.  175.86. 
Form :  Silver  Iodide,  Agl. 

For  the  determination  of  iodic  acid  as  silver  iodide,  the  solu- 
tion of  the  alkaU  iodate  is  acidified  with  sulphuric  acid,  and  sul- 
phurous acid  is  added  until  the  solution,  which  at  first  becomes 
yellow  on  account  of  the  separation  of  iodine,  is  again  colorless. 
After  this  an  excess  of  silver  nitrate  and  a  considerable  amount  of 
nitric  acid  are  added.  The  solution  is  heated  to  boiling  and  the 
precipitated  silver  iodide  determined  as  described  on  page  252. 

It  is  not  permissible  to  change  the  iodate  to  iodide  by  ignition, 
for  the  decomposition  takes  place  at  a  temperature  above  that 
at  which  the  iodide  itself  begins  to  volatilize.  The  transforma- 
tion is  therefore  not  quantitative.  This  is  especially  true  of 
sodium  iodate,  which  is  only  changed  to  iodide  upon  heating  to  a 
white  heat.  Potassium  and  silver  iodates  are  much  more  readily 
decomposed,  but  even  then  some  iodide  is  lost.  Both  iodic  and 
periodic  acids  may  be  more  accurately  determined  by  a  volumetric 
process  (see  Part  II,  lodimetry). 

For  the  determination  of  the  metal  present  in  an  iodate  it  is 
first  changed  to  the  chloride  by  repeated  evaporation  with  con- 
centrated hydrochloric  acid: 

KIO,+  6HC1 = KC1+  3H,0+ 2C1,+  ICl. 
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GROUP  IV. 


PHOSPHORIC,  ARSENIC.  ARSENIOUS,  THIOSULPHURIC, 
CHROMIC,  VANADIC,  AND  PERIODIC  ACIDS. 

Phosphoric  Acid,  HjPO^.    Mol.  Wt.  98.03. 

Forms :  Magnesium  Pyrophosphate,  Mg2P207 ;  Ammonium 
Phosphomol^bdate,  {ISR^fiO^  -  12M0O3 ;  Phosphomolybdic 
Anhydride,  P2O5  •  24M0O,. 

Determination  as  Magnesium  Pyrophosphate. 

If  the  phosphate  is  present  as  an  alkali  phosphate,  it  is  pre- 
cipitated as  magnesium  ammonium  phosphate  and  changed  by 
ignition  into  the  pyrophosphate. 

The  neutral  phosphate  solution,  containing  not  more  than 
5-10  per  cent,  of  ammonium  chloride,*  is  treated  with  an  excess  of 
"  magnesia  mixture  "  t  (seepage  165,  foot-note),  which  is  added 
quickly  with  stirring.  An  amount  of  concentrated  ammonia 
equal  to  one-third  the  volume  of  the  solution  is  added,  and 
the  solution  is  allowed  to  stand  four  hours.  It  is  then  de- 
canted through  a  filter,  the  precipitate  redissolved  in  as  little 
hydrochloric  acid  as  possible,  a  few  drops  of  magnesia  mixture 
added,  the  solution  made  alkaline  with  dilute  ammoniA.  and 
one-third  of  its  volume  of  strong  ammonia  again  added.  VAfter 
standing  for  another  four  hours  the  clear  liquid  is  decanted  through 
a  filter,  the  precipitate  washed  three  times  by  decantation  with 
2i  per  cent,  anmionia,  finally  transferred  to  the  filter  and  thorough- 
ly washed  with  this  dilute  ammonia  solution,  dried  at  100*^  and 
ignited  to  pyrophosphate  as  described  on  page  63.  Frongi  the 
weight  of  the  latter,  p,  the  amount  of  PO4  is  computed  as  follows: 

Mg2PA-.2PO,  =  p:x 

"^-M&P^O/^ 

Remark, — ^Unless  the  highest  degree  of  accuracy  is  desired,  a 
single  precipitation  of  the  magnesium  ammoniiun  phosphate  is 

♦  Cf.  Neubauer,  Zeit.  f.  angew.  Chem.,  1896,  p.  439;  and  Gooch, 
Zeit.  f.  anal.  Chem.,  XX,  p.  135. 

j- Seven  or  eight  cubic  centimeters  are  sufficient  for  0.1  gm.  PjO,. 
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tion  of  the  precipitate,  but  its  presmce  is  absolutely  necessaiy, 
although  about  5  per  cent,  is  sufficient. 

Solvtiom  Required. 

1.  A  3  per  cent,  solution  of  ammonium  molybdate  obtiuned 
by  the  solution  of  120  gms.  commercial  ammonium  molybdate, 
(\HJ^op„+4H,0.  in  4  liters  of  water  (1  c.c.  of  this  solution 
will  precipitate  0.001  gm.  P,Oj). 

2.  A  solution  of  ammonium  nitrate,  obtained  by  dissohing 
340  gms.  of  anmwnium  nitrate  in  1  liter  of  water. 

3.  Nitric  acid,  sp.  gr.  1.153  (cont^ning  25  percent.  HXO,). 

4.  As  wash  liquid,  200  gms.  ammonium  nitrate  and  160  c.c. 
of  nitric  acid  dissolved  in  4  liters  of  water. 

Woy't  Method  of  Precipilalion. 

In  all  cases  50  c.c.  of  the  solution  are  taken,  containing  at  the 
most  0.1  gm.  PjOs.  If  the  solution  contains  more  than  this  amount 
of  phosphoric  acid,  an  aUquot  part  is  used  for  the  analj'sis  and 
the  volume  of  the  portion  taken  is  diluted  to  50  c.c. 

This  amount  of  the  neutral  or  slightly  acid  (H\0^  solution 
is  placed  in  a  400-c.c.  beaker  and  to  precipitate  O.I  gm.  of  PjOi 
30  c.c.  of  ammonium  nitrate  solution  and  10-20  c.c.  of  nitric  acid 
are  added  and  the  solution  is  heated  until  bubbles  be^n  to  rise. 
At  the  same  time  the  required  amount  of  ammonium  molybdate 
solution  (in  this  case  120  c.c.*)  is  likewise  heated  until  it  be^ns 
to  boil,  and  then  transferred  to  a  separatory  funnel  and  allowed 
to   run   in   a   thin   stream   into  the   middle   of   the   phosphate 
solution,  which  is  rotated  while  the  molybdate  solution  is  b^ng 
added.     The   yellow   ammonium   phosphomolybdate   is    at    once 
thrown  down  and  the  separation  is  quantitative.    The  contents 
of  the  beaker  are  kept  in  motion  for  aboutone  minute  more  and 
then  allowed  to  stand  for  fifteen  minutes,  (wKen  the  clear  liqiud 
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is  poured  through  a  filter,  the  precipitate  is  washed  once  by  decanta- 
tion  with  50  c.c.  of  the  wash  liouid  and  then  dissolved  in  10  c.c. 
of  8  per  cent,  ammonia.  To  this  solution  20  c.c.  of  the  ammonium 
nitrate  solution,  30  c.c.  of  water,  and  1  c.c.  of  ammonium  molybdate 
are  added.  It  is  heated,  as  before,  until  bubbles  begin  to  rise, 
when  the  phosphoric  acid  is  reprecipitated  by  the  addition  of  20  c.c. 
of  hot  nitric  acid,  added  drop  by  drop  through  the  same  funnel 
that  was  used  for  the  molybdate  solution,  the  solution  being  rotated 
as  before.  The  precipitate  is  immediately  formed  and  is  now 
pure.  After  standing  ten  minutes  it  is  filtered  off  and  dissolved 
in  warm  2\  per  cent,  anunonia,  after  which  nitric  acid  is  added  imtil 
the  yellow  precipitate  produced  dissolves  only  slowly  on  being 
mixed  with  the  solution.  Now,  for  every  0.1  gm.  of  P2O5  present, 
10  c.c.  of  ''magnesia  mixture"  and  ^one-third  of  the  volume 
of  concentrated  ammonia  are  added.  ^  After  standing  four  hours 
the  supernatant  liquid  is  poured  off.  Tne  precipitate  is  washed 
four  times  by  decantation  with  50  c.c.  of  2^  per  cent,  ammonia, 
then  dissolved  in  as  little  hydrochloric  acid  as  possible  and  repre- 
cipitated by  the  addition  of  strong  ammonia,  the  anal3rsis  being 
completed  as  described  on  p.  343. 

The  determination  can  be  much  more  quickly  accomplished, 
and  in  the  author's  opinion  more  accurately,  by  one  of  the  follow- 
ing procedures,  particularly  that  of  Woy  (p.  348,  3). 

2.  Direct   Determination   of   Phosphoric   Acid   as   Ammonium 

I^osphomolybdate  (Finkener).* 

The  precipitate  produced  as  described  under  1,  having  the 
following  composition, 

(NHJaPO, .  12MoOa  •  2HNOs  •  HaO, 

is  transformed  by  heating  for  a  long  time  at  160-180®  C.  into  pure 
ammonium  phosphomolybdate  of  the  composition 

(NH,)aPO,-12MoOs. 

Theoretically  this  substance  contains  3.782  per  cent,  of  P2O5. 

If,  therefore,  the  amount  of  yellow  precipitate  (dried  until  its 
weight  is  constant)  is  multiplied  by  0.0378,  the  actual  amount  of 

*  Berichte,  11  (187S),  p.  1640. 
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PaOg  present  should  be  obtained.  The  results  obtained  by  Finkener, 
however,  were  accurate  only  when  the  factor  0.03794  *  was  used. 
Himdeshagen^t  on  the  other  hand,  found  that  the  factor  0.03753 
should  be  used,  and  this  has  been  confirmed  by  experiments  per- 
formed in  the  author's  laboratory.^ 

Procedure, — ^The  phosphoric  acid  is  precipitated  twice,  accord- 
ing to  the  directions  of  Woy  (p.  346),  with  anunonium  molyb- 
date;  the  precipitate  is  filtered  through  a  Gooch  crucible,  washed 
with  the  prescribed  mixture  until  no  further  brown  coloration 
is  produced  by  K^FeCCN),,  and  dried  in  a  current  of  air  at  160** 
C.  in  a  PauFs  drying  oven,' until  a  constant  weight  is  obtained. 
If  the  precipitate  should  become  slightly  greenish,  a  small  crystal 
of  ammonium  nitrate  and  one  of  ammonium  carbonate  are  added 
and  the  contents  of  the  crucible  again  heated,  whereby  the  pre- 
cipitate will  at  once  assume  a  homogeneous  yellow  color. 

Remark, — ^The  results  of  Hundeshagen  and  StefFan  show  that 
this  method  gives  very  exact  results.  Steffan  worked  precisely 
according  to  the  directions  of  Finkener,  precipitating  the  phos- 
phoric acid  in  the  cold  with  a  33^  per  cent,  solution  of  anunonium 
molybdate  and  filtering  after  standing  twenty-four  hours.  It  is, 
however,  not  necessary,  as  Himdeshagen  has  shown,  to  work  with 
such  a  concentrated  solution  of  ammonium  molybdate;  the  pre- 
cipitation from  a  hot  solution  with  a  3  per  cent,  molybdate  solu- 
tion yields  just  as  accurate  results  and  the  solution  does  not  have 
to  stand  so  long  before  filtering.  Even  when  iron  is  present  this 
method  gives  good  results,  so  that  it  is  to  be  recommended  for  the 
determination  of  phosphorus  in  iron  and  steel. 

3.  Determination  of  Phosphoric  Acid  as  Phosphomolybdic 

Anhydride  (Woy). 

The  precipitate,  produced  in  the  same  way  as  before,  is  gently 
ignited,  whereby  a  greenish-black  residue  remains  of  the  com- 
position 24MoOsPA»  with  3.946  per  cent,  of  PjO^.  The  pre- 
cipitate is  ignited  as  follows:   Upon  the  bottom  of  a  nickel  cru- 

*Loc.  cit. 

t  Zeit.  f.  anal.  Chem.,  XXXII  (1893),  p.  144. 

t  A.  Steffan,  using  50  c.c.  of  a  potassium  phosphate  solution  containing 
0.0989  gm.  Ffii,  in  four  experiments  found  0.0994,  0.0994,  0.0995,  0.0992 
gm.  PjOf. 
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<jible  is  placed  a  disk  of  ignited  asbestos  paper  about  2  mm.  thick, 
or  the  porcelain  plate  of  a  Gooch  crucible  may  be  used.  Upon 
this  is  placed  the  Gooch  crucible  containing  the  precipitate,  which 
is  covered  with  a  watch-glass  and  heated  at  first  gently  and  finally 
until  the  bottom  of  the  nickel  crucible  is  at  a  dull-red  heat.  When 
the  precipitate  has  become  of  a  homogeneous,  bluish-black  color, 
it  is  allowed  to  cool  in  a  desiccator,  after  which  the  covered  cru- 
cible is  weighed. 

This  method  is  rapid  and  gives  good  results  in  the  presence 
of  iron  and  aluminium.* 

Determination  of  Phosphorus  and  Silicon  in  Iron  and  Steel. 

The  determination  of  these  two  elements  is  usually  effected  in 
the  same  sample,  and  in  all  cases  the  silicic  acid  must  be  removed 
before  the  precipitation  of  the  phosphoric  acid. 

Since  phosphoms  and  silicon  are  present  in  the  iron  as  phos- 
phide and  silicide,  a  too  dilute  nitric  acid  must  not  be  used  for  dis- 
t?olving  the  sample  or  there  will  be  a  loss  of  volatile  phosphides 
and  silicides. 

Determination  cf  the  Silicon, 

About  5  gms.  of  the  iron  borings,  after  having  been  washed  with 
ether  (cf.  p.  178,  foot-note),  are  placed  in  a  500-c.c.  beaker  under  a 
good  hood,  covered  with  60  c.c.  of  nitric  acid  (1  vol.  concentrated 
acid,  sp.  gr.  1.4,  and  1  vol.  of  water)  and  a  watch-glass  placed 
upon  the  beaker.  A  violent  reaction  at  once  takes  place  and 
brown  vapors  are  evolved.  As  soon  as  the  action  slackens, 
the  beaker  is  placed  upon  wire  gauze  and  its  contents 
boiled  gently  until  all  the  iron  is  dissolved  and  no  more  brown 
vapors  are  evolved.  The  contents  of  the  beaker  are  then  washed 
into  a  250-c.c.  porcelain  casserole,  evaporated  on  the  water- 
bath  to  a  syrupy  consistency,  and  then  heated  over  a  free  flame 
.to  dryness,  constantly  stirring  with  a  glass  rod.  Care  is  taken 
during  this  operation  that  a  cake  of  basic  ferric  nitrate  does  not 
adhere  to  the  bottom  of  the  dish,  as  in  this  case  the  latter  will 


*  Steffan  found,  in  the  analysis  of  50  c.c.  cf  a  potassium  phosphate  solu- 
tion containing.  00989  gni.  Pjo^,  0.0988,  0.0992,  0.0986  gm.  Vfi^\  and  in 
a  solution  of  5  gms.  of  iron  in  the  form  of  its  nitrate,  this  method  gave  0.0099 
gm.  PxO^,  and  the  same  result  was  obtained  by  the  method  of  Finkener. 
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surely  break  during  the  subsequent  ignition.  The  dry  mass 
should  at  the  end  be  reduced  to  a  loose  powder.  When  this  point 
is  reached,  the  contents  of  the  dish  are  ignited  until  all  of  the  ferric 
nitrate  is  changed  to  oxide,  which  is  accomplished  when  no  more 
brown  fumes  are  expelled.  By  this  procedure  all  organic  matter 
formed  by  the  oxidation  of  hydrocarbons  is  destroyed  and  the 
silicic  acid  is  dehydrated.  After  cooling,  the  residue  is  covered 
with  50  c.c.  of  concentrated  hydrochloric  acid  and  heated  with 
constant  stirring  almost  to  the  boiling-point.  This  dissolves  the 
ferric  oxide  and  phosphate,  while  the  silicic  acid  remains  behind.* 
When  all  of  the  iron  oxide  has  dissolved,  the  solution  is  evap- 
orated to  dryness,  moistened  with  2-3  c.c.  of  hydrochloric  acid^ 
allowed  to  stand  for  twenty  minutes,  after  which  water  is  added. 
After  heating  the  liquid  to  boiling  the  silicic  acid  is  filtered  off 
through  a  small  filter,  washed  with  water  containing  hydrochloric 
acid  and  finally  with  pure  hot  water.  The  silica  is  ignited  wet  in  a 
platinum  crucible  and  weighed.  The  silica  thus  obtained  usually 
contains  ferric  oxide,  so  that  its  purity  must  be  tested  in  all  cases. 
For  this  purpose  it  is  covered  with  1  c.c.  of  water,  a  drop  of  dilute 
sulphuric  acid  and  2  c.c.  of  pure  hydrofluoric  acid  are  added,  and 
after  evaporating  on  the  water-bath  as  far  as  possible,  the  excess  of 
sulphuric  acid  is  removed  by  placing  the  crucible  on  a  triangle  in 
an  inclined  position  and  carefully  heating  by  means  of  a  moving 
flame.  As  soon  as  no  more  vapors  of  sulphuric  acid  are  given  off, 
the  contents  of  the  crucible  are  more  strongly  ignited  and  the 
residue  of  ferric  oxide  is  weighed.  This  amount  deducted  from 
the  weight  of  impure  silica  gives  the  amount  of  pure  silica,  p, 
from  which  the  amount  of  silicon,  x,'  can  be  calculated  as  follows: 

SiOjiSi^p-.x 

Si 

"^^sio^-P 

and  in  per  cent.,  where  a  is  the  amoimt  of  iron  taken  for  the  analysis, 

x'  =  --777r--^=per  cent.  Si. 
SiO,    a     ^ , 


*  If  graphite  were  originally  present  it  remains  with  the  silica. 
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Remark. — If  the  impure  silica  was  gra3dsh  colored  (as  is  always 
the  case  when  graphite  is  present)  it  is  not  weighed,  but  a  little 
pure  sodiiun  carbonate  and  potassium  nitrate  are  added  to  the 
contents  of  the  crucible  and  by  fusing  the  graphite  is  completely 
oxidized.  The  melt  is  placed  in  a  small  porcelain  dish  and  dissolved 
in  water.  The  solution  is  acidified  with  hydrochloric  acid,  evap- 
orated to  dryness  on  the  water-bath,  moistened  with  a  little  con- 
centrated hydrochloric  acid,  diluted  with  water  and  filtered.  The 
residual  silica  is  ignited  wet;  a  further  purification  of  the  silica 
is  unnecessary. 

Determination  of  Phosphorus. 

In  the  hydrochloric  acid  filtrate  from  the  silicic  acid  all  the 
phosphorus  is  present  in  the  form  of  phosphoric  acid.  The  latter 
is  determined  according  to 

(a)  The  Acetate  Method  or 

(6)  The  Molybdate  Method. 
Both  methods  give  equally  good  results,  judging  from  experiments 
performed  in  the  author's  laboratory. 

(a)  The  Acetate  Method  of  A.  A.  Blair. 

The  filtrate  from  the  silicic  acid  is  diluted  in  a  beaker  to  a  volimie 
of  about  400  c.c.  and  ammonia  is  added  imtil  a  permanent  precipi- 
tate of  ferric  hydroxide  is  produced.  The  liquid  is  then  treated 
with  200  c.c.  of  a  saturated,  aqueous  solution  of  sulphurous  acid 
and  slowly  heated  to  boiling.  The  precipitate  of  ferric  hydrox- 
ide soon  dissolves  and  the  liquid  assumes  a  dark  reddish-brown 
color,  which  on  further  heating  becomes  a  light  green,  or  almost 
colorless.  As  soon  as  this  goint  is  reached,  10-20  c.c.  of  concen- 
trated hydrochloric  acid  are  added  and  a  current  of  carbon  dioxide 
is  conducted  into  the  colorless  solution  until  the  excess  of  sul- 
phurous acid  is  removed.  The  solution  is  now  cooled  by  placing  the 
beaker  in  cold  water,  after  which  1  or  2  c.c.  of  chlorine  or  bromine 
water  is  added  to  oxidize  a  part  of  the  iron.  To  this  solution 
ammonia  is  added  very  slowly  with  constant  stirring  until  the 
greenish  precipitate  of  ferrous-ferric  hydroxide  dissolves  with 
difliculty.  The  addition  is  then  continued  drop  by  drop  until  a 
distinct  brown  precipitate  is  formed,  which  on  stirring  becomes 
green.    If  before  this  occurs   the  precipitate  doei   not   appear 
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decidedly  red  in  color,  it  is  dissolved  in  a  drop  or  two  of  hydro- 
chloric acid  and  1  or  2  c.c.  more  of  chlorine  or  bromine  water 
is  added,  and  the  addition  of  ammonia  is  repeated  until  the  per- 
manent green  or  brownish  precipitate  is  obtained.  Acetic  acid 
is  now  added  drop  by  drop  until  the  precipitate  redissolves,  or  at 
any  rate  becomes  white  in  color,  when  the  solution  is  heated  to 
boiling  and  kept  at  this  temperature  for  one  minute.  All  of 
the  phosphoric  acid  is  thus  precipitated  as  basic  ferric  phosphate 
while  the  excess  of  the  ferric  salt  is  thrown  down  as  basic  ferric 
acetate.  The  solution  is  filtered  through  a  large  filter  and  washed 
once  with  hot  water.  The  precipitate  filters  readily  and  the 
filtrate  is  at  first  clear,  but  becomes  turbid  on  standing  in  the  air. 
The  precipitate  adhering  to  the  sides  of  the  beaker  is  dissolved 
by  wanning  with  a  mixture  of  hydrochloric  acid  (1^1)  and  10  c.c. 
of  bromine  water.  Should  this  not  be  sufficient  to  eflfect  com- 
plete solution  (as  is  usually  the  case)  enough  concentrated  hydro- 
chloric acid  is  added  to  accomplish  this.  The  solution  is  then 
pom-ed  upon  the  filter  containing  the  precipitate  and  the  filtrate 
received  in  a  small  beaker.  The  filter  is  washed  well  with  hot 
water  and  the  solution  is  evaporated  nearly  to  dryness  to  get 
rid  of  the  excess  of  hydrochloric  acid,  5  c.c.  of  a  50  per  cent,  citric 
acid  solution  are  added,  an  equal  amount  of  magnesia  mixtiire 
and  enough  ammonia  to  make  the  solution  faintly  alkaline.  When 
perfectly  cold,  one-half  of  the  liquid's  volume  of  strong  ammonia 
is  added  and  the  mixture  well  stirred.  After  standing  twelve 
hours,  the  precipitate  is  filtered  off  and  washed  with  2^  per  cent, 
ammonia  containing  2.5  gms.  of  ammonium  nitrate  in  each  100  c.c. 
This  precipitate  of  magnesium  ammonium  phosphate  always  con- 
tains a  small  amount  of  iron  and  silicic  acid  (the  latter  from  the 
glass)  so  that  it  is  dissolved  in  hydrochloric  acid,  the  solution  evapo- 
rated to  drjmess.  the  residue  moistened  with  concentrated  hydro- 
chloric acid,  taken  up  in  a  little  water,  filtered  through  a  small 
filter  and  the  residual  silica  washed  with  hot  water.  The  filtrate, 
amoimting  to  not  over  20  c.c.  at  the  most,  is  treated  with  1  c.c« 
of  the  citric  acid  solution  and  two  drops  of  magnesia  mixture 
and  the  precipitation  with  ammonia  is  repeated  as  above.  In 
this  way  a  precipitate  is  obtained  which  yields  pure  magnesitmi 
pyrophosphate  on  ignition. 
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Remark, — ^Blair  recommends  the  use  of  ammonium  bisulphite 
(NH^HSOj)  instead  of  sulphurous  acid  for  the  reduction  of  the 
ferric  salt.  Much  of  the  ammonium  bisulphite  of  commerce,  how- 
ever, contains  phosphoric  acid,  so  that  it  seems  safer  to  use  sul- 
phurous acid  for  this  piupose.  Again,  Blair  suggests  that  hydro- 
gen sulphide  be  passed  into  the  solution  after  the  excess  of  the 
sulphurous  acid  has  been  removed,  in  order  to  precipitate  any 
arsenic  as  the  trisulphide.  The  filtrate  from  the  arsenic  precipitate 
is  heated  to  boiling,  the  excess  of  hydrogen  sulphide  expelled  by 
means  of  a  current  of  carbon  dioxide,  and  the  solution  then  partly 
oxidized  as  above  described. 

(6)  The  Molybdaie  Method. 

The  filtrate  from  the  silica  (see  p.  350)  is  evaporated  to  dry- 
ness in  a  porcelain  dish,  the  dry  residue  is  dissolved  in  as  little 
nitric  acid  as  possible,  30  c.c.  of  ammonium  nitrate  solution  and 
10  c.c.  of  nitric  acid  are  added,  and  the  phosphoric  acid  is  precipi- 
tated according  to  the  procediu-e  of  Woy,  p.  346,  by  the  addition 
of  75  c.c.  of  ammonium  molybdate.  After  decanting  off  the  clear 
liquid,  the  precipitate  is  washed  once  by  decantation  with  10-20 
c.c.  of  the  prescribed  wash  liquid  and  redissolved  in  a  little  ammo- 
nia. To  this  solution  6  c.c.  of  molybdate  solution  and  30  c.c. 
of  water  are  added;  it  is  heated  just  to  the  boiling-point  and  re- 
precipitated  by  the  addition  of  20  c.c.  of  hot  nitric  acid.  The 
precipitate  is  then  analyzed  by  the  method  of  Finkener  (p.  347) 
or  by  that  of  Woy  (p.  348). 

1  gm.  MgjPjOy  =0.27837  gm.  P 

(NH4),PO,-12Mo03=  0.01639   "    " 
P,05-24Mo03  =0.01723   "    " 

Determination  of  Phosphoric  Acid  in  Silicates. 

Tn  the  analysis  of  silicates  (see  p.  389)  the  phosphoric  acid  is 
found  in  the  precipitate  produced  by  ammonia  in  the  filtrate 
from  the  silica  together  with  iron  and  aluminium  hydroxides. 
It  is  analyzed  according  to  p.  97. 

Determination  of  Phosphoric  Acid  in  Mineral  Waters. 

The  contents  of  a  5-6  liter  flask  is  acidified  with  hydrochloric  ^ 

Acid  and  evaporated  to  dryness,  the  residue  is  moistened  with 
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conoentrated  hydrochloric  acid,  taken  up  with  water,  and  the 
silicic  acid  filtered  ofif.  The  filtrate  is  precipitated  with  ammonia^ 
by  which  means  the  phosphoric  acid  is  usually  completely  thrown 
down  in  the  form  of  phosphate  of  iron,  aluminium,  or  alkaline 
earth.  The  filtered  and  washed  precipitate  is  dissolved  in  nitric 
acid  and  the  phosphoric  acid  present  determined  according  to  one 
of  the  molybdate  methods  (pp.  346-349). 

Remark. — If  the  mineral  water  does  not  contain  much  iron^ 
aluminium,  or  alkaline-earth  metal,  but  is  rich  in  phosphoric  acid 
and  the  alkalies,  the  precipitate  produced  by  ammonia  will  not 
contain  all  of  the  phosphoric  acid.  In  such  a  case  the  hydrochloric 
acid  solution  from  the  silica  is  evaporated  several  times  to  dryness 
with  nitric  acid,  the  residue  is  dissolved  in  as  little  nitric  acid 
as  possible,  and  the  phosphoric  acid  determined  by  one  of  the 
molybdate  methods. 

Recovery  of  Molybdenum  Residues  (H.  BomtrHger).'!' 

In  practice  the  great  majority  of  phosphoric  acid  determina- 
tions are  carried  out  according  to  p.  344.  The  acid  and  am- 
moniacal  filtrates  containing  molybdenum  are  saved,  and  the 
molybdenum  is  recovered  as  follows:  Into  a  large,  wide-mouthed 
flask  250  c.c.  of  strong  ammonia  are  placed  and  the  molyb- 
denmn  filtrates  are  added  to  this.  Either  immediately  or  after 
standing  some  time  a  crystalline  deposit  of  almost  pure  molybdic 
acid  is  formed.  When  the  flask  is  nearly  full,  the  solution  is 
made  almost  neutral,  the  precipitate  allowed  to  settle,  and  the 
upper  liquid  containing  only  a  small  amount  of  molybdeniun  is 
poured  off.  The  residue  is  poured  upon  a  suction  plate,  washed 
once  with  water  (not  more,  or  the  molybdic  acid  will  dissolve) 
and  sucked  as  dry  as  possible.  The  precipitate  is  dissolved  by 
warming  with  as  little  ammonia  as  possible,  leaving  behind  a 
residue  of  iron  and  aluminium  hydroxides,  magnesia,  and  silicic 
acid.  These  are  filtered  off  and  the  solution  diluted  with  dis- 
tilled water  until  at  17°  C.  it  has  a  specific  gravity  of  1.11  — 14°  B6. 
It  then  contains  150  gms.  of  ammonium  molybdate  in  a  Lter.    If 


♦  Zeit.  f.  anal.  Chem.,  XXXIII  (1894),  p.  341. 
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this  solution  is  diluted  with  four  times  as  much  water,  a  3i  per 
cent,  solution  will  be  obtained. 

Detennination  of  Phosphorus  in  Organic  Substances. 

The  substance  is  decomposed  by  the  method  of  Carius.  By 
the  action  of  the  nitric  acid  in  the  closed  tube  the  phosphorus  is 
oxidized  to  phosphoric  acid  and  this  is  determined  as  usual. 

Separation  of  Phosphoric  Acid  from  the  Metals. 

I.  Separation  from  the  Metals  of  Groups  I  and  U. 

Hydrogeii  sulphide  is  conducted  into  the  hydrochloric  acid 
solution,*  by  which  means  all  the  members  of  these  groups  are 
precipitated  as  sulphides  while  the  phosphoric  acid  remains  in 
solution. 

2.  Separation  from  the  Metals  of  Group  m. 

(a)  The  phosphoric  acid  is  first  precipitated  as  ammonium 
phosphomolybdate  according  to  p.  346.  In  order  to  determine 
the  metals,  the  solution  containing  molybdenum,  but  free  from 
phosphoric  acid,  is  evaporated  with  the  addition  of  sulphuric 
acid  to  a  s)rrupy  consistency,  and  carefully  heated  over  a  free 
flame  until  the  nitric  acid  is  expelled.  After  cooling,  the  residue  is 
moistened  with  hydrochloric  acid  and  taken  up  in  water.  The 
solution  is  placed  in  a  pressure-flask,  saturated  with  hydrogen 
sulphide,  the  flask  stoppered  and  heated  for  some  time  on  the 
water-bath,  when  the  molybdenum  is  precipitated  in  large  flocks. 
After  cooling,  the  pressure-flask  is  slowly  opened  and  the  molyb- 
denum sulphide  is  filtered  off.  The  filtrate,  now  free  from  phos- 
phoric acid  and  molybdenum,  is  analyzed  for  the  metals  as 
described  on  pages  75  to  132. 

(6)  The  phosphoric  acid  is  separated  as  before,  the  filtrate 
is  made  slightly  ammoniacal  and  saturated  with  hydrogen  sul- 
phide. After  standing  for  some  time  the  solution  becomes  red- 
dish yellow  in  color,  when  the  precipitate  is  filtered  off.  The 
metals  of  this  group  will  be  found  in  the  precipitate  while  the 
molybdenum  is  in  the  filtrate  in  the  form  of  its  sulpho-salt. 

*  When  silver  is  present  it  is  precipitated  as  silver  chloride,  filtered  ofif^ 
and  the  filtrate  treated  with  hydrogen  sulphide. 
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Remark, — If  nickel  is  present,  some  of  it  will  remain  in  the 
filtrate  with  the  molybdenum  on  account  of  the  solubility  of 
nickel  sulphide  in  ammonium  sulphide,  so  that  method  (a)  will 
then  give  more  accurate  results. 

3.  Separation  of  Phosphoric  Acid  from  Iron,  Cobalti 

Manganese,  and  Zinc. 

In  case  the  solution  contains  iron  in  the  fer.ic  form,  it  is  acidi- 
fied with  hydrochloric  acid,  saturated  with  hydrogen  sidphide, 
and  for  each  gram  of  the  mixed  oxides  3  gms.  of  tartaric  acid  are 
added;  the  solution  is  made  slightly  anmioniacal  and  allowed 
to  stand  overnight  in  a  stoppered  flask.  The  precipitate  con- 
tains the  metals  as  sulphides  free  from  phosphoric  acid.  It  is 
filtered,  washed  with  water  containing  ammonium  sulphide,  dis- 
solved in  acids,  and  analyzed  according  to  pp.  121  and  129. 

4.  Separation  from  Chromic  Acid. 

If  the  solution  contains  free  alkali  or  alkali  carbonate  it  is  acidi- 
fied \rith  nitric  acid,  then  made  slightly  alkaline  with  ammonia 
and  the  phosphoric  acid  precipitated  with  "  magnesia  mixture  "  as 
described  on  page  343. 

5.  Separation  from   Calcium,  Strontium,  Barium,   Magnesium, 

and  the  Alkalies. 

Ammonium  carbonate  is  added  to  the  hydrochloric  acid  solu- 
tion until  a  slight  permanent  turbidity  *  is  produced,  which  is 
redissolved  by  a  few  drops  of  hydrochloric  acid.  Ferric  chloride 
is  then  added  drop  by  drop  until  the  liquid  above  the  yellowish- 
white  precipitate  of  ferric  phosphate  becomos  distinctly  brown 
in  color.  The  solution  is  diluted  wdth  water  to  a  vohime  of  300 
to  400  c.c,  boiled  for  one  minute,  filtered  and  washed  with  water 
containinsc  ammonium  acetate.  In  the  filtrate  are  now  found 
the  alkaline  earths  and  alkalies,  which,  after  expelling  the  am- 
monium salts  by  igniting  the  residue  obtained  after  evaporating  to 
dryness,  is  analyzed  in  the  usual  way  (see  pages  40  and  70  ff.). 

*  If  only  alkalies  are  present  there  will  be  no  turbidity,  and  the  ammo- 
nium carbonate  is  added  until  the  solution  is  neutral. 
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TmosuLPHURic  Acid,  HjSjO,.    Mol.  Wt.  114.14. 

Form:  Barium  Sulphate,  BaSO^. 

The  aqueous  solution  of  the  alkali  thiosulphate  is  treated 
with  an  ammoniacal  solution  of  hydrogen  peroxide,  or  with  am- 
nioniacal  percarbonate  solution,  heated  for  some  time  on  the  water- 
bath,  and  then  boiled  to  destroy  the  excess  of  the  reagent.  This 
solution  is  acidified  with  hydrochloric  acid  and  the  sulphuric 
acid  formed  by  the  above  treatment  is  precipitated  as  barium  sul- 
phate.   Two  mok.  BaSO^  correspond  to  1  mol.  H^SjO,. 

A  much  better  procedure  for  the  estimation  of  thiosulphuric 
acid  will  be  discussed  under  lodimetry,  Part  II. 

The  remaining  acids  of  this  group,  arseniou  ,  arsenic,  vanadic, 
and  chromic,  hav^  been  discussed  under  the  respective  metals,  while 
periodic  acid  is  analyzed  precisely  in  the  same  way  as  iodic  acid. 

GROUP  V. 
NITRIC,  CHLORIC,  AND  PERCHLORIC  ACIDS. 

NITRIC  ACID,  HNO3.    Mol.  Wt.  63.05. 

Forms:  Nitrogen  Pentozide,  NjO^;  Ammonia,  NH,;  Nitric  Oxide, 

NO,  and  Volumetrically. 

The  determination  as  nitrogen  pentoxide  is  the  only  gravi- 
metric method  for  the  analysis  of  nitric  acid,  and  it  is  seldom 
used  in  practice.  The  nitrate  is  heated  with  silica,  the  nitrogen 
pentoxide  escapes,  and  its  weight  is  determined  by  difference: 

2NaN03+ Si02=  Na^SiOs-f  NA- 

This  method  cannot  be  used  when  there  is  any  other  volatile 
substance  present,  which  is  usually  the  case. 

Determination  of  Nitric  Acid  as  Ammonia. 

The  usual  method  for  the  determination  of  nitric  acid  is  to 
reduce  it  in  alkaline  solution  to  ammonia  by  means  of  aluminium, 
zinc,  or,  best.  Devarda's  alloy  (cf .  Vol.  I,  page  6) : 

NaNO, + 8H = 2H,0  +  NaOH  -f  NH3. 
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After  the  reduction,  the  solution  b  distilled  into  a  knon-u 
amount  of  acid  and  the  excess  of  the  acid  is  found  by  titration, 
or  the  ammonia  b  determined  as  ammonium  platinic  chloride  or 
as  platinum  (of.  page  54,  b  and  c). 

Procedure  of  Devarda,* 

About  0.5  gm.  of  tiie   nitrate  b   placed    in   a   600-800-c.c, 

Erlenmeycr  flask  (Fig.  63)  and  dissolved  in  110  c.c.  of  water.    To 

thb  solution  5  c.c.  of  alcohol,  50  c.c.  of  caustic  potash  (sp.  gr.  1.3), 

and  2  to  2^  gms.  of  powdered  Devarda's  alloy  are  added.    After 


thb  the  flask  b  immediately  comiected  with  the  distilla- 
tion apparatus  as  shown  in  the  figure.  The  P^ligot  tube,  .4, 
of  about  250  c.c.  capacity,  b  constructed  as  proposed  by  F.  Pan- 
nertz.t  Its  left  arm  b  connected  by  a  curved  tube  with  the  mid- 
dle bulb,  so  that  a  spurting  back  of  the  liquid  b  avoided.  The 
delivery-tube  (of  potash  glassl  connectuig  the  flask  K  with  the 
tube  A  b  about  1  cm.  in  diameter  and  b  provided  with  a  small 

*Zeit.  f.  anal.  Chem..  XXXIII  (1S94),  p.  113. 
t  Ibid.,  XXXIX  (1900),  p.  318. 
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opening  at  o,  inside  the  flask,  to  prevent  any  of  the  alkaline  solution 
being  carried  over  with  the  ammonia.  Twenty  cubic  centimeters 
of  half-normal  sulphuric  acid  are  added  to  the  tube  A  and  diluted 
so  that  the  solution  just  reaches  to  each  of  the  bulbs  on  the  side, 
while  5  c.c.  of  the  acid  are  placed  in  B,  and  diluted  in  the  same 
way.  The  tubes  A  and  B  are  connected  by  means  of  a  T  tube,  of 
which  the  upper  end  is  closed  by  a  pinch-cock  upon  a  piece  of  rubber 
tubing,  so  that  a  piece  of  red  litmus  paper  may  be  introduced  here. 

When  all  is  ready,  the  contents  of  the  flask  K  are  gently  heated 
in  order  to  start  the  reaction,  then  the  flame  is  removed  and  the 
reaction  allowed  to  proceed  by  itself.  After  an  hour  this  will  be 
shown  to  be  complete  by  the  cessation  of  the  hydrogen  evolution. 
The  liquid  in  K  is  then  slowly  heated  to  boiling,  and  kept  at  this 
temperature  until  about  half  of  the  liquid  has  distilled  over  into  A ; 
this  requires  about  half  an  hour.  During  the  last  ten  minutes 
a  slow  current  of  air  is  passed  through  the  tube  r. 

If  the  distillation  has  been  correctly  performed,  all  of  the 
ammonia  will  now  be  found  in  A ;  no  trace  should  reach  B,  and  the 
red  litmus  paper  in  the  T-tube  should  show  no  tinge  of  blue. 

When  the  distillation  is  finished,  the  pinch-cock  at  r  is  opened 
and  the  flame  removed.  A  little  methyl  orange  is  added  to  A  where- 
by the  liquid  is  colored  red,  the  contents  of  B  are  poured  in,  the 
latter  tube  is  washed  with  water  that  is  added  to  A,  and  the  excess 
of  the  sulphuric  acid  is  titrated  with  half-normal  caustic  potash 
solution  until  the  solution  is  changed  to  yellow.  The  amount  of 
nitric  acid  is  computed  as  follows: 

The  tubes  originally  contained  25  c.c.  of  half-normal  acid, 
and  t  c.c.  of  half-normal  caustic  potash  solution  were  used  up 
in  the  titration;  consequently  the  ammonia  formed  from  0.5  gm. 
of  the  nitrate  was  neutralized  by  25— (  c.c.  of  half-normal  sul- 
phuric acid. 

Since  1  moL*  of  HNO,  (63.03  gms.)  on  being  reduced  yields 
1  mol.  of  NH,,  and  one  liter  of  half-normal  sulphuric  acid  con- 
tains enough  sulphuric  acid  to  neutralize  i  mol.  of  NH,,  it  is  evi- 

dent  that  1  c.c.  of  the  acid  is  equivalent  to  -jr^^ =0.031525 gm. 


*  Ostwald  has  proposed  that  the  molecular  weight  in  grams  of  a  sub- 
stance be  designated  by  the  word  "mol." 
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of  nitric  acid  so  that  2b- 1  c.c.  =  (23-0X0.03153  gm.  of  HNO,  or 
(25-0-0.03102  gm.  NO,,  and  the  per  cent,  of  NO,  present  is  - 

0.5 :  (25  -  0  •  0.03102  =  100 :  X 
X =6.204  (25-0=  per  cent.  NO,. 

Determination  of  Nitric  Acid  as  Nitric  Oxide. 

Method  of  Schlosing  and  Grandeau,  modified  by  Tiemann  and 

Schuhe* 

Principle. — If  a  nitrate  is  heated  with  ferrous  chloride  and 
hydrochloric  acid,  the  nitric  acid  is  reduced  to  nitric  oxide: 

NaNO,+  3FeCl,+  4HC1 = NaCl+  3FeCl,-f  2H,0  +  NO. 

From  the  volume  of  the  nitric  oxide  its  weight  is  calculated. 

The  method  of  Schlosing  in  its  original  formf  was  not  much 
used  on  account  of  the  apparatus  required ;  but  after  being  modi- 
fied by  Grandeau  I  it  has  become  one  of  the  best  methods  for  the 
determination  of  nitric  acid. 

The  apparatus  necessary  is  shown  in  Fig.  64  and  consists  of 
a  150-c  c.  flask  K  fitted  with  a  double-bored  rubber  stopper. 
Through  one  of  the  holes  is  passed  the  tube  6,  which  reaches  into 
the  flask  just  to  the  lower  surface  of  the  stopper;  through  the 
other  hole  passes  the  tube  a,  §  ending  in  a  restriction  about  1  mm. 
wide  and  reaching  IJ  cm.  below  the  stopper.  The  tube  h  is  con- 
nected by  means  of  a  piece  of  rubber  tubing  5  cm.  long,  which  is 
wired  on  to  the  tube,  and  is  provided  with  a  pinch-cock,  with  a 
second  tube  whose  lower  end  reaches  up  into  the  measuring-tube 
and  is  covered  with  rubber  tubing  as  is  shown  in  the  figure.  In 
the  same  way  the  tube  a  is  connected  with  a  straight  tube. 

Solutions  required — 1.  A  nitrate  solution  of  known  strength^ 
prepared  by  dissolving  in  one  liter  of  water  2.0238  gms.  of  recrystal- 
lized  potassium  nitrate  that  has  been  dried  at  160®  C.     Fifty  c.c. 

♦  Zeit.  f.  anal.  Chem..  IX  (1870),  p.  401,  and  Berichtc,  VI  (1873),  p.  1041. 
t  Annales  de  chim.  et  de  phys.,  [3],  40  (1853),  479. 
X  Grandeau,  Analyse  chimique  appliqu^  k  Tagriculture. 
§  Grandeau  used  a  separatory  funnel  instead  of  the  tube  a;   the  latter 
was  proposed  by  Tiemann  and  Schulze. 
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of  this  solution  evolve  at  0°  C,  and  760  mm.  pressure  22,391  c.c. 
of  NO. 

2.  A  ferrous  chloride  solution  obtained  by  dissolving  ^  gm. 
of  iron  (nails)  in  100  c.c.  of  concentrated  hydrochloric  acid. 

3.  Hydrochloric  acid,  of  specific  gravity  1.1, 

Procedure. — First  of  ail,   10  c.c.  of  water  are  poured  into  K 
and  its  upper  level  is  marked  on  the  outside  of  the  fiask  by  means  of 


a  colored  pencil,  then  40  c.c.  more  are  added  and  its  position  is 
also  marked. 

The  water  is  now  poured  out  and  exactly  50  c.c.  of  the  standard 
nitrate  solution  is  added  to  K,  the  stopper  fitted  with  the  two 
tubes  is  placed  in  the  flask,  and  the  pinch-cocks  h'  and  k"  are 
opened.  The  contents  of  the  flask  are  heated  to  boiUng  with  a 
free  flame  (a  wire  gauze  is  not  used)  until  finally  no  more  bubbles 
of  air  escape  from  the  lower  end  of  b  into  the  bath  containing 
boiled  water.  To  make  sure  that  the  air  is  all  expelled  from 
the  apparatus,  the  rubber  tubing  at  h'  is  pinched  with  the  thumb 
and  finger,  when,  if  no  air  is  present,  the  liquid  will  quickly  rise 
in  6.  exertine  a  noticeable  pressure.     The  pinch-cock  h'  is  then 
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closed  and  the  boiling  is  continued  until  the  50  c.c.  has  been  re- 
duced \o  a  volume  of  10  c.c,  when  the  flame  is  removed  and  the 
pinch-cock  A"  is  immediately  closed.  The  lower  end  of  a,  which 
dips  into  distilled  water,  is  immediately  filled  with  the  latter  up 
to  the  pinch-cock.  The  vapors  in  the  flask  condense,  forming  a 
vacuum,  as  shown  by  the  closing  together  of  the  rubber  tubing 
at  h'  and  h", 

30  c.c.  of  the  ferrous  chloride  solution  are  poured  into  a  beaker 
and  the  upper  level  is  marked  on  the  outside  with  a  colored  pencil, 
then  20  c.c.  more  are  added  and  the  position  in  the  beaker  is  again 
marked.  The  lower  end  of  the  tube  a  is  placed  in  the  ferrous 
chloride  solution  so  that  it  reaches  below  the  lower  mark  on  the 
beaker,  and,  by  opening  h",  20  c.c.  of  the  solution  are  allowed 
to  pass  into  the  flask  K,  The  beaker  containing  the  ferrous  chloride 
is  then  replaced  by  one  containing  boiled  water.  The  tube  a 
should  not  extend  vertically  into  the  water,  but  should  be  inclined 
as  much  as  possible.  The  specifically  heavier  ferrous  chloride 
solution  in  the  tube  passes  into  the  water,  while  the  latter  takes 
its  place.  When  the  lower  end  of  a  has  become  filled  with  pure 
water  in  this  way,  it  is  dipped  into  a  beaker  containing  hydrochloric 
acid  (sp.  gr.  1.1)  and  about  20  c.c.  of  the  acid  are  allowed  to  flow 
into  Ky  and  finally  3-4  c.c.  of  water  are  added  to  replace  the  acid 
in  a.  A  50-c.c.  measuring-cylinder  is  now  filled  with  boiled  water, 
placed  over  the  lower  end  of  6  as  shown  in  the  figure,  and  the  con- 
tents of  the  flask  are  once  more  boiled.  As  soon  as  the  compressed 
rubber  tubing  begins  to  expand  h'  is  opened,  but  the  rubber  tubing 
is  at  the  same  time  pinched  between  the  thumb  and  finger.  As 
soon  as  the  liquid  no  longer  rises  in  6,  the  hand  is  removed  from 
the  rubber  tubing  and  the  nitric  oxide  begins  to  collect  slowly  in 
the  measuring-tube.  After  half  of  the  liquid  has  evaporated 
there  is  no  further  evolution  of  nitric  oxide  to  be  noticed,  although 
the  brown  color  of  the  solution  shows  that  the  gas  has  not  been 
completely  expelled.  In  order  to  accomplish  this,  the  flame  is  re- 
moved, N  is  closed,  and  the  liquid  in  K  allowed  to  cool.  By  means 
of  the  vacuimi  thus  produced  the  remainder  of  the  nitric  oxide 
is  expelled  from  the  solution  and  the  boiling  is  once  more  repeated, 
with  the  same  precautions  as  before,  until  the  lower  mark  is 
reached.    The  flame  is  removed,  h'  is  closed,  and  the  measuring- 
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tube  containing  the  nitric  oxide  is  placed  in  a  cylinder  containing 
pure  water  at  the  temperature  of  the  room.  To  prevent  the  tube 
containing  the  gas  from  sinking,  its  upper  end  is  encased  in  a  large 
cork  so  that  it  floats  on  the  water.  After  standing  fifteen  to 
twenty  minutes  the  tube  is  raised  by  means  of  the  cork  until 
the  level  of  the  liquid  within  stands  at  the  same  height  as  that 
in  the  cylinder  without,  and  the  volume  of  the  gas  is  read.  At 
the  same  time  the  temperature  of  the  water  is  taken  and  the  barom- 
eter I  eading  is  noted. 

The  volimie  thus  obtained  is  reduced  to  0°  C.  and  760  mm. 
pressure.  If  the  temperature  was  t°,  the  barometer  reading  B 
millimeters,  and  w  the  tension  of  aqueous  vapor  at  t^,  then  the 
reduced  volume  is 

•       760(273+0* 

Now  50  c.c.  of  the  standard  potassium  nitrate  solution  con- 
tain 0.1012  gm.  of  KNO,  corresponding  to  0.0624  gm.  of  NO,, 
so  that  the  volume  V^  of  the  nitric  oxide  corresponds  to  0.0624 
^m.  NO3. 

ITie  same  procedure  is  now  followed  with  50  c.c.  of  the  solu- 
tion of  the  unknown  nitrate,  which  should  be  prepared  so  that 
the  amoimt  of  nitric  oxide  evolved  will  be  a}x)ut  the  same  as  that 
from  50  c.c.  of  the  standard  solution.  If  at  /'°  C.  and  B^^  mm. 
pressure  the  volume  V  of  nitric  oxide  is  obtained,  and  w^  is  the 
tension  of  aqueous  vapor  at  f®,  then  the  reduced  volume  of  the 
nitrogen  will  be  as  before 

r{B,^w,)27Z 
^     760(273+0  * 

The  following  proportion  now  holds: 

F,:0.06204-7;-a? 

F;-0.06204  ^,^  .    ^^  r     w 

x«=     °      =  gni.  NOa  m  50  c.c.  of  solution. 


*  Three  or  four  experiments  are  performed  with  the  standard  solution^ 
and  the  mean  value  is  used. 
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Remark, — ^It  is  not  pennissible  to  compute  directly  the  weight 
of  NOj  which  corresponds  to  the  volume  of  nitric  oxide  obtained^ 
for  some  nitric  oxide  always  remains  in  the  flask,  so  that  low 
values  would  result.  Tliis  error  is  eliminated  by  the  above  pro- 
cedure. 

L.  L.  de  Koninck*  has  devised  an  apparatiis  which  prevents 
the  liquid  from  sucking  back  into  the  decomposition-flask  and 
at  the  same  time  permits  the  canying  out  of  a  number  of  deter- 
minations one  after  the  other  without  cleaning  the  apparatus^ 
or  boiling  it  free  from  air  in  the  meantime. 

Determination  of  Nitric  Acid  in  a  Drinking-water. 

From  100  to  300  c.c.  of  the  water  are  evaporated  to  40-50  c.e. 
in  a  porcelain  dish,  a  few  drops  of  methyl  orange  are  added,  fol- 
lowed by  dilute  hydrochloric  acid,  free  from  nitrate,  until  the  solu- 
tion is  pink  in  color.  Sodium  carbonate  solution  is  now  added 
until  the  liquid  is  barely  alkaline  (it  becomes  yellow)  and  the  eon- 
tents  of  the  flask  are  washed  into  the  decomix)sition-flask  X, 
Fig.  46,  and  analyzed  as  described  on  page  361  with  the 
difference  that,  instead  of  collecting  the  gas  over  water,  a  10  per 
cent,  solution  of  sodium  hydroxide  is  used,  to  make  sure  that  the 
carbonic  acid  which  is  set  free  is  completely  absorbed. 

After  the  experiment  has  been  performed  with  the  water  to 
be  analyzed,  it  is  repeated  with  an  amoimt  of  the  standard  solu- 
tion sufficient  to  evolve  about  the  same  quantity  of  nitric  oxide. 
The  analysis  is  then  computed  as  before. 

Reinark. — In  drinking-water  the  neutralization  of  the  evap- 
orated sample  is  not  absolutely  necessary,  except  in  the  ca.se  of 
alkaline  mineral  waters;  in  that  case  the  introduction  of  the  hydro- 
chloric acid  would  otherwise  cause  such  a  violent  evolution  of 
carbon  dioxide  that  the  flask  might  crack. 

Chloric  Acid,  HCIO,.    Mol.  Wt.  84.46. 

Forms:  Silver  Chloride^  AgCl,  besides  volumetric  and  gasometric 

methods. 

In  order  to  determine  chloric  acid  as  silver  chloride  it  must 
previously  be  reduced  to  chloride  by  means  of  ferrous  sulphate  or 
zinc. 


*  Zeit.  f.  anal.  Chem.,  XXXITI  (1894),  p.  300. 
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Reduction  by  means  of  Ferrous  Sulphate. 

About  0.3  gm.  of  the  salt  are  dissolved  in  100  c.c.  of  water, 
treated  with  50  c.c.  of  a  10  per  cent,  solution  of  crystallized  ferrous 
sulphate,  heated  with  constant  stirring  till  it  begins  to  boil,  and 
kept  at  this  temperature  for  fift-een  minutes.  After  cooling, 
nitric  acid  is  added  until  the  deposited  basic  ferric  salt  is  dis- 
solved, when  the  chloride  is  precipitated  by  means  of  silver  nitrate 
and  weighed  after  the  usual  treatment. 

One  gram  of  silver  chloride  corresponds  to  0.8551  gm.  KClOj. 

Reduction  with  Zinc. 

Although  chlorates  are  reduced  in  neutral  solution  by  means 
of  zinc  or  Devarda's  alio}'',  it  is  not  advisable  to  effect  the  reduc- 
tion in  this  way  for  quantitative  purposes.  The  same  end  is 
reached  more  expeditiously  by  adding  zinc-dust  to  the  acetic 
acid  solution.  The  dilute  chlorate  solution  is  treated  with  acetic 
Acid  until  it  reacts  distinctly  acid,  an  excess  of  powdered  zinc  is 
^added,  and  the  solution  boiled  for  one  hour.  After  cooling,  nitric 
acid  is  added  in  sufficient  quantity  to  dissolve  all  of  the  excess  of 
zinc,  after  which  the  solution  is  filtered  if  necessary  and  the  chloride 
precipitated  and  detennined  as  silver  chloride. 

Remark. — Both  methods  afford  exact  results,  but  the  former 
is  to  be  preferred,  for  it  is  accomplished  in  less  time. 

Chlorates  are  not  quantitatively  decomposed  into  chlorides 
by  ignition  in  open  vessels  or  in  a  current  of  carbon  dioxide.  Some 
ehlorine  and  a  little  alkali  is  always  lost,  so  that  even  when  the 
residue  is  evaporated  with  hydrochloric  acid,  too  low  results  are 
obtained.  L.  Blangey,  working  in  the  author's  laboratory,  ob- 
tained results  which  were  from  0.3  to  1.1  per  cent,  below  the  theo- 
retical value. 

According  to  the  two  following  methods,  the  decomposition 
of  alkaU  chlorate  into  chloride  is  quantitative. 

'a)  By  Evaporation  with  Hydrochloric  Acid. 

The  chlorate  contained  in  a  weighed  porcelain  crucible  is  covered 
with  hydrochloric  acid  (1:3).  A  watch-glass  is  placed  upon  the 
crucible,  and  the  contents  of  the  latter  are  heated  on  the  water- 
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bath  until  the  evolution  of  chlorine  ceases.  The  liquid  on  the  lower 
surface  of  the  watch-glass  is  then  washed  into  the  crucible,  and 
its  contents  are  evaporated  to  drjoiess  on  the  water-bath.  The 
cover  is  placed  upon  it  and  it  is  then  gently  ignited  over  a  free 
flame  until  the  decrepitation  ceases.  After  cooling  in  a  desic- 
cator, the  crucible  is  again  weighed.  In  this  way  L.  Blangey 
obtained,  as  a  mean  of  four  experiments,  100.02  per  cent,  of  the 
theoretical  value. 

(6)  By  Ignition  wUh  Ammonium  Chloride, 

The  alkali  chlorate  is  mixed  in  a  porcelain  crucible  with  three 
times  as  much  pure  ammonium  chloride,  covered  with  a  watch- 
glass,  and  heated  over  a  free  flame,  kept  in  constant  motion,  until 
the  ammonium  chloride  is  completely  removed.  The  crucible 
is  then  weighed.  As  a  mean  of  two  experiments,  L.  Blangey 
obtained  100.06  per  cent,  of  the  theoretical  value. 

Perchloric  Acid,  HCIO4.    Mol.  Wt.  100.46. 

Form:  Silver  Chloride^  AgCl. 

Perchlorates  cannot  be  reduced  to  chloride  by  means  of  ferrous 
sulphate,  zinc,  or  by  repeated  evaporation  with  concentrated 
hydrochloric  acid.*  On  ignition,  some  chlorine  and  alkali  chloride 
are  lost,  so  that  an  error  amounting  to  as  much  as  1  per  cent,  may 
be  expected.  On  the  other  hand,  Winteler  has  shown  that  per- 
chlorates may  be  changed  to  chlorides  by  heating  with  concen- 
trated nitric  acid  and  silver  nitrate  in  a  closed  tube  (see  Carius* 
method  for  determining  chlorine  in  organic  substances,  page  247)  ^ 
while  L.  Blangey  foimd  that  ignition  with  ammonium  chloride 
would  accomplish  the  same  result. 

Decomposition    of  Perchlorates  by  Ignition   with  Ammonium 

Chloride. 

By  twice  igniting  an  intimate  mixture  of  0.5  gm.  potassium 
perchlorate  with  1}  to  2  gms.  of  ammonium  chloride  f  in  a  platinum 

♦  On  evaporating  with  hydrochloric  acid  there  is  a  loss  without  any  evo- 
lution of  chlorine;  it  must  be  due  to  the  volatilization  of  small  amounts  of 
perchloric  acid. 

f  When  2  gms.  of  NH^Cl  are  used,  one  and  one-half  to  two  hours  are  neo- 
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crucible  covered  with  a  watch-glass,  the  former  is  completely 
changed  to  chloride.  Care  should  be  taken  not  to  melt  the  residual 
chloride,  for  in  that  case  the  platinum  is  attacked,  although  the 
accuracy  of  the  results  is  not  affected.  Blangey  obtained  in  two 
experiments  100.06  and  100.08  per  cent,  of  the  theoretical  values. 
It  is  worth  mentioning  that  complete  decomposition  could 
not  be  effected  by  igniting  three  times  in  a  porcelain'^  crucible: 
the  platinum  evidently  plays  the  part  of  a  catalyser,  as  was  proved 
by  the  following  experiment:  0.4767  gm.  of  KCIO4  were  mixed 
in  a  porcelain  crucible  with  1 J  gm.  of  NH4CI,  and  1  c.c.  of  hydro- 
chlorplatinic  acid  (containing  0.0918  gm.  Pt)  was  added.  After 
evaporating  to  drjoiess  on  the  water-bath,  the  ammonium  chloride 
was  completely  expeUed  and  the  residue  was  ignited  twice  more 
with  the  same  amount  of  the  latter.  The  residue  of  potassium 
chloride  then  weighed  0.2572  gm.,  corresponding  to  100.24  per 
cent,  of  the  theoretical  amount,  f 

Determination  of  Perchloric  Together  with  Chloric  Acid. 

In  one  portion  the  chlorate  is  reduced,  as  described  on  page  365, 
with  ferrous  sulphate,  and  the  chloride  formed  determined  as 
silver  chloride.  A  second  portion  is  ignited  in  an  old  platinum 
crucible  (or  in  one  of  porcelain)  with  the  addition  of  1  c.c.  of  hydro- 
chlorplatinic  acid  and  three  times  as  much  ammonium  chloride 
(as  described  above).  In  this  way  the  total  amount  of  chlorine 
is  obtained  and  from  these  data  the  amount  of  each  acid  can  be 
calculated. 

Determination  of  Perchloric^  Chloric^  and  Hydrochloric  Acids 

in  the  Presence  of  One  Another. 

The  three  acids  are  assumed  to  be  present  in  the  form  of  their 
alkali  salts. 


♦Thus  on  igniting  0.4395  gm.  KCIO4  with  2  gms.  NH^Cl  a  residue  of 
0.3205  gm.  was  obtained  instead  of  one  weighing  0.2365  gm. 

t  There  is  often  a  slight  deposit  of  alkali  chloride  upon  the  cover-glass. 
To  determine  this,  the  glass  together  with  the  deposit  is  weighed,  then  the 
glass  is  washed,  dried,  and  again  weighed ;  the  difference  between  the  two 
weights  represents  the  amount  of  alkali  chloride.  This  rarely  amounts  to 
more  than  a  fraction  of  a  milligram,  and  if  the  ignition  was  performed  with 
care,  there  will  be  no  deposit  at  all  upon  the  glass. 
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In  one  portion  the  chloride-chlorine  is  detennined  by  precipita- 
tion with  silver  nitrate.  In  a  second  sample  the  chlorate  and 
<;hloride-chlorine  are  determined  after  the  former  has  been  reduced 
to  chloride  by  means  of  ferrous  sulphate.  The  total  amount 
of  chlorine  present  is  determined  in  a  third  portion  after  ignition 
with  ammonium  chloride. 


GROUP  VI. 

SULPHURIC.  HYDROFLUORIC,  AND    HYDROFLUOSILICIC  ACIDS. 

SULPHURIC  ACID,  HjSO^.     Mol.  Wt.  98.08. 
Form:  Barium  Sulphate,  BaSO^. 

The  determination  of  sulphuric  acid  is  theoretically  very  simple; 
the  acid  is  precipitated  with  barium  chloride  and  weighed  as 
barium  sulphate.  PracticaDy,  however,  there  are  often  a  great 
many  difficulties  arising  from  the  fact  that  barium  sulphate 
possesses  a  great  tendency  of  dragging  down  other  substances 
with  it.  The  impurity  present  usually  causes  high  results,  but 
occasionally  the  opposite  effect  is  produced,  particularly  when 
the  solution  contained  considerable  iron  in  the  ferric  form.  In 
that  case  the  precipitated  barium  sulphate  contains  ferric  sulphate 
and  the  latter  on  ignition  loses  SO,,,  so  that  ferric  oxide  is  weighed 
instead  of  the  corresponding  amount  of  barium  sulphate.  Alu- 
minium and  chromium  behave  in  the  same  way. 

When  nitric  or  chloric  acid  is  present,  the  precipitate  will 
eontain  barium  nitrate  or  chlorate  and  these  substances  cannot  be 
removed  by  washing.  Furthermore,  if  the  precipitation  is  effected 
by  the  rajAd  addition  of  a  large  excess  of  barium  chloride,  the 
precipitate  will  contain  considerable  amounts  of  the  reagent. 
If,  on  the  other  hand,  the  latter  is  added  drop  by  drop  until  the 
precipitation  is  complete,  a  considerable  excess  may  be  added 
without  influencing  the  purity  of  the  precipitate.  The  presence 
of  considerable  amounts  of  potassium  salts  is  especially  disadvan- 
tageous; the  precipitated  barium  sulphate  then  will  always  con- 
tain potassium  sulphate.  Sodium  salts,  however,  do  not  seem 
to  have  any  disturbing  action. 

From  what  has  been  said,  it  follows   that  the  solution  from 
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which  the  sulphuric  acid  is  to  be  precipitated  must  not  contain 
nitric  or  chloric  acids,  trivalent  metals  should  be  absent  when 
possible,  and  considerable  amounts  of  potassium  or  calcium  salts 
should  be  avoided.  If  the  solution  contain  nitric  or  chloric  acids, 
it  is  repeatedly  evaporated  with  the  addition  of  concentrated 
hydrochloric  acid  until  these  are  completely  destroyed.  When 
ferric  iron  is  present,  it  is  best  to  remove  it  by  precipitation  with 
ammonia  (cf.  page  282).  In  the  presence  of /considerable  calcium, 
as  is  the  case  in  the  analysis  of  waters  containing  gypsum  or  in 
cements,  the  calcium  is  precipitated  as  carbonate  by  the  addition 
of  ammonium  carbonate  and  the  sulphuric  acid  determined  in 
the  filtrate  after  making  it  acid  with  hydrochloric  acid. 

Procedure, — ^The  solution,  prepared  by  one  method  or  another 
and  with  a  volume  of  about  300  c.c.  for  each  gram  of  barium 
sulphatte  that  it  is  expected  to  obtain,  is  heated  to  boiling,  1  c.c. 
of  concentrated  hydrochloric  acid  is  added,  and  a  solution  of  boiling- 
hot  barium  chloride  is  added  drop  by  drop  with  constant  stirring. 
When  the  precipitation  is  complete,  1-2  c.c.  more  of  the  reagent 
Are  added  and  the  precipitate  is  allowed  to  settle  on  the  water- 
bath;  this  takes  place  quickly  if  the  two  solutions  were  hot.  After 
the  precipitate  has  settled  it  can  be  filtered  immediately.*  The 
clear,  supernatant  liquid  is  poured  through  a  Schleicher  and  SchiilFs 
filter  No.  590  and  the  residue  in  the  beaker  is  covered  with  50- 
100  c.c.  of  boiling  water,  and  after  allowing  the  precipitate  to  settle 
for  a  few  minutes  the  clear  liquid  is  poured  off.  The  decanta- 
tion  is  repeated  four  times,  after  which  the  precipitate  is  transferred 
to  the  filter  and  washed  with  boiling  water  until  3  c.c.  of  the  fil- 
trate will  no  longer  show  a  test  for  barium  on  the  addition  of  a 
drop  of  dilute  sulphuric  acid.  The  precipitate  is  dried  some- 
what, then  ignited  in  a  platinum  crucible,  and  weighed  as  barium 
sulphate. 

The  precipitate  should  be  heated  only  to  a  dull-red  heat.  In 
no  case  should  it  be  heated  over  the  blast-lamp  (cf.  page  69, 
Remark), 

Purification  of  the  Precipitate. — Where  very  accurate  results 
are  desired  it  is  necessar\'^  to  test  the  purity  of  the  precipitate  as 


*  If  only  small   amounts  of  sulphuric  acid  are  present  it  is  best  to  let 
the  solution  stand  twelve  hours  before  filtering. 
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follows:  After  weighing  the  precipitate  is  covered  with  2-3  c.c. 
of  distiUed  water,  2  drops  of  double-normal  hydrochloric  acid  are 
added,  the  crucible  is  covered  with  a  watch-glass  and  its  contents 
digested  for  fifteen  minutes  upon  the  water-bath;  the  solution 
is  then  decanted  through  a  small  filter.  This  extraction  with 
dilute  hydrochloric  acid  is  repeated  from  three  to  five  times,  after 
which  the  barium  sulphate  in  the  crucible  is  dried,  the  filter  added 
and  ignited  wet  in  the  inclined  crucible,  which  is  afterwards 
weighed. 

This  extraction  and  weighing  is  repeated  until  finally  the  loss 
in  weight  is  not  more  than  0.0005  gm.  and  the  last  weight  is  taken 
as  correct.* 

In  the  analysis  of  mineral  waters  this  purification  of  the  pre- 
cipitate should  never  be  neglected. 

Determination  of  Sulphuric  Acid  in  Insoluble  Sulphates. 

Calcium  and  strontium  sulphates  are  decomposed  by  long 
digestion  with  ammonium  carbonate  solution,  but  barium  sulphate 
is  not.  The  latter  is  mixed  with  four  times  as  much  sodium  car- 
bonate, fused  in  a  platinum  crucible,  the  melt  extracted  with 
water,  and  the  barium  carbonate  residue  washed  with  sodium 
carbonate  solution.  After  acidifying  the  filtrate  with  hydro- 
chloric acid  and  boiling  off  the  carbon  dioxide,  the  sulphuric  acid 
is  precipitated  as  usual. 

Lead  sulphate  is  boiled  with  sodium  carbonate  solution;  after 
cooUng,  the  solution  is  saturated  with  carbon  dioxide  and  filtered. 
The  lead  remains  behind  as  carbonate,  while  the  filtrate  contains 
all  of  the  sulphuric  acid. 

For  the  determination  of  sulphuric  acid  in  silicates,  the  finely 
powdered  substance  is  fused  with  six 'times  as  much  sodium  car- 
bonate,t  the  melt  is  extracted  with  water,  the  filtrate  acidified 
with  hydrochloric  acid  and  evaporated  to  dryness  in  order  to 
dehydrate  the  silica.  The  residue  is  moistened  with  a  little  con- 
centrated hydrochloric  acid,  taken  up  in  hot  water,  and  the  silicic 
acid  filtered  off;  the  sulphuric  acid  is  determined  in  this  filtrate. 

*  An  excellent  method  for  testing  the  purity  of  the  precipitate  consists 
of  redetermining  the  sulphuric  acid  as  described  below  in  the  analysis  of 
barium  sulphate. 

t  Cf.  p.  277,  Remark. 
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Detennination  of  Sulphuric  Acid  in  the  Presence  of  Soluble 

Sulphides. 

The  substance  is  placed  in  a  flask,  the  air  replaced  by  carbon 
dioxide,  dilute  hydrochloric  acid  is  added,  and  the  solution  boiled 
while  carbon  dioxide  is  passed  through  it  until  all  of  the  sulphide 
has  been  expelled.  The  sulphuric  acid  is  then  precipitated  from 
the  solution. 

This  determination  is  used  for  the  analysis  of  cements.  In 
this  case,  however,  the  hydrochloric  acid  solution  will  contain 
much  calcium  as  well  as  iron  and  aluminium,  so  that  these  metals 
are  precipitated  by  the  addition  of  ammonia  and  ammonium 
carbonate  and  the  sulphuric  acid  determined  in  the  filtrate. 

If  it  is  desired  to  determine  the  amount  of  sulphide-sulphur, 
the  substance  is  covered  with  bromine  water  until  the  color  of 
the  bromine  is  permanent,  hydrochloric  acid  is  added,  and  the 
solution  boiled  to  expel  the  excess  of  the  bromine.  The  iron,  alu- 
miniiun,  and  calcium  are  precipitated  by  ammonia  and  ammonium 
carbonate,  and  the  total  sulphur  is  determined  in  the  filtrate.  The 
difference  Between  the  two  results  represents  the  amount  of  sul- 
phur present  as  sulphide.  For  the  volumetric  determination 
of  sulphuric  acid  consult  Part  II. 

HYDROFLUORIC  ACID,  HF.     Mol.  Wt.  20.01. 

Forms:  Calcium  Fluoride,  CaFj;  Silicon  Fluoride,   SiF^,  besides 

volumetric  and  gasometric  methods. 

I.  Detennination  as  Calcium  Fluoride. 

If  the  solution  contains  free  hydrofluoric  acid  or  an  acid  fluoride, 
sodiiun  carbonate  is  added  until  the  reaction  is  alkaline  and  from 
one-fourth  to  one-fifth  as  much  more  in  excess.*  To  solutions  of  neu- 
tral fluorides  about  1  c.c.  of  double-normal  sodium  carbonate  solution 

*  By  the  addition  of  the  excess  of  sodium  carbonate  the  precipitate  of 
calcium  fluoride  will  contain  calcium  carbonate,  and  presence  of  the  latter 
renders  the  precipitate  easy  to  filter.  A  pure  precipitate  of  calcium  fluoride 
\b  so  slimy  that  the  pores  of  the  filter  become  so  clogged  that  it  is  almost 
impoenble  to  complete  the  filtration. 
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is  added.  The  alkaline  solution  is  heated  to  boiling,  precipitated 
by  means  of  an  excess  of  calcium  chloride  solution,  filtered,  and 
thoroughly  washed  with  hot  water.  The  precipitate  consisting  of  the 
fluoride  and  carbonate  of  calcium  is  dried,  as  much  of  it  as  possible 
is  transferred  to  a  platinum  crucible,  the  ash  of  the  filter  is  added, 
and  the  contents  of  the  crucible  are  ignited.  After  cooling,  the  mass 
is  covered  with  an  excess  of  dilute  acetic  acid,  by  which  the  lime 
is  changed  to  the  soluble  acetate,  while  the  fluoride  is  unaffected. 
After  evaporating  to  dryness  on  the  water-bath,  the  mass  is  taken 
up  in  water,  filtered,  washed,  and  dried.  After  transferring  as 
much  of  the  dried  precipitate  to  the  crucible  as  possible,  the  filter- 
paper  .  is  burned,  its  ash  added,  and  after  ignition  the  crucible 
is  again  weighed.  To  confirm  the  result  the  substance  is  treated 
with  a  little  concentrated  sulphuric  acid  (added  cautiously),  and 
after  evaporating  off  the  excess  of  the  latter  and  once  more  igniting, 
the  contents  of  the  crucible  are  weighed  as  calcium  sulphate. 

1  gm.  CaFj  yields  1.7443  gms.  CaSO^. 

Example:  Determination  of  Fluorine  in  Calcium  Fluoride, — 
As  was  stated  in  Vol.  I,  page  353,  calcium  fluoride  is  not  com- 
pletely decomposed  by  fusing  with  sodium  carbonate;  but  if  the 
fluoride  is  mixed  with  2  J  times  as  much  silicic  acid  and  then  fused 
with  6  times  as  much  sodium-potassium  carbonate,  the  greater 
part  of  the  silicic  acid  and  all  of  the  fluorine  will  be  changed  to  sol- 
uble alkali  salts,  while  the  calcium  will  be  left  as  insoluble  calcium 
carbonate.  The  mixture  must  be  heated  graduaUy,  as  othenvdse 
the  evolution  of  carbon  dioxide  may  cause  the  contents  of  the 
crucible  to  run  over  its  sides.  The  thin  liquid  fusion  soon  changes 
to  a  thick  paste  or  only  sinters  somewhat.  On  raising  the  tempera- 
ture, it  is  almost  impossible  to  further  melt  this  mass,  and  it  is 
not  necessary.  In  fact  too  high  a  temperature  is  to  be  avoided  on 
account  of  the  danger  of  losing  some  alkali  fluoride  by  volatilization. 
The  reaction  is  complete  when  there  is  no  further  evolution  of  car- 
bon dioxide.  After  cooling,  the  melt  is  treated  with  water,  the 
insoluble  residue  is  filtered  off  and  thoroughly  washed.  The 
alkaline  solution  containing  all  the  fluorine  and  considerable 
silicic  acid  is  freed  from  the  latter  by  the  addition  of  considerable 
ammonium  carbonate  (about  4  gms.  of  the  solid  salt).  The  liquid 
is  heated  for  some  time  at  about  40°  C,  allowed  to  stand  over- 
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nighty  and  in  the  morning  the  voluminous  precipitate  is  filtered 
off  and  washed  with  anmioniilm  carbonate  water.  The  filtrate 
now  contains  only  a  small  amount  of  silicic  acid.  It  is  evaporated 
almost  to  dryness  on  the  water-bath,*  diluted  with  a  little  water 
and  a  few  drops  of  phenolphthalein  are  added.  The  liquid  is  colored 
pink  by  the  indicator  and  enough  hydrochloric  acid  is  now  added 
to  make  it  colorless.  The  solution  is  heated  to  boiling,  and  this 
causes  the  reappearance  of  the  pink  color.  After  cooling  the  color 
is  again  discharged  with  hydrochloric  acid,  and  this  operation 
is  repeated  until  finally  the  addition  of  1-1^  c.c.  of  double- 
normal  hydrochloric  acid  is  sufficient  to  effect  the  decolorization. 
It  is  best  to  perform  the  operation  in  a  platinum  dish,  but  if  this 
is  lacking  one  of  porcelain  may  be  used. 

The  solution  still  contains  traces  of  silicic  acid,  which  are  re- 
moved, as  recommended  by  Berzelius,  as  follows:  The  solution  is 
treated  with  1  or  2  c.c.  of  ammoniacal  zinc  oxide  solution,t  boiled 
imtil  the  ammonia  is  completely  expelled  and  the  precipitate  of 
zinc  silicate  and  oxide  is  filtered  and  washed  with  water.  An 
excess  of  calcium  chloride  is  added  to  the  filtrate  and  the  resulting 
precipitate,  consisting  of  calcium  carbonate  and  fluoride,  is  treated 
as  described  on  page  372. 

Remark. — By  this  method  the  fluorine  present  in  all  fluorides 
can  be  determined,  e.g.,  in  topaz,  lepidolite,  cryolite,  etc.  With 
a  silicate  containing  much  silica,  the  addition  of  silicic  acid  is 
unnecessary,  and  the  substance  is  at  once  fuse<i  with  4-5  times 
as  much  sodium-potassium  carbonate;  with  silicates  containing 
little  silica,  from  J-1  part  of  silicic  acid  is  added. 

Determination  of  Fluorine  in  Mineral  Waters. 

From  10  to  50  liters  of  the  water  (according  to  the  amount  of 
salts  present)  are  evaporated  in  a  large  porcelain  dish  to  drjmess^ 

♦  The  liquid  foams  during  the  evaporation  owing  to  the  decomposition 
of  the  excess  of  ammonium  carbonate;  the  evaporating-dish  is  covered  with 
a  watch-glass  until  the  evolution  of  carbon  dioxide  ceases. 

t  Moist  zinc  oxide  is  dissolved  in  ammonia  water.  The  oxide  is  best 
prepared  by  dissolving  chemically  pure  zinc  in  hydrochloric  acid,  and  precipi- 
tating the  zinc  with  potassium  hydroxide;  the  precipitate  is  filtered  and 
washed. 
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with  the  addition  of  enough  sodium  carbonate  to  keep  the  solution 
faintly  alkaline.  With  waters  containing  laige  amounts  of  dis- 
solved salts  the  separated  sodium  chloride  is  removed  from  time 
to  time;  in  doing  this  it  is  necessary,  after  each  addition  of  water  to 
the  dish,  to  wait  at  least  half  an  hour  imtil  the  liquid  has  assiuned 
the  temperature  of  the  water-bath,  for  when  the  common  salt 
is  deposited  from  a  cold  solution,  other  salts  will  crystallize  out  with 
it.  The  removed  salt  is  placed  in  a  funnel  provided  with  a  per- 
forated platinum  cone,  freed  from  mother-liquor  by  washing  twice 
with  cold  water,  and  the  wash  water  is  added  to  the  contents  of 
the  evaporating-dish.  The  deposited  salt  is  then  dissolved  in 
water  and  in  this  way  any  insoluble  salt  is  obtained  from  it  and 
filtered  oflF.  The  residue  finally  obtained  by  the  evaporation 
is  taken  up  in  water,  filtered  through  the  filter  containing  the 
insoluble  matter,  and  washed.  This  residue  may  contain  consider- 
able silicic  acid;  calcium,  strontium,  barium  and  magnesium 
carbonates;  calcium  fluoride;  iron,  aluminium  and  manganese 
hydroxides;  and  usually  calciiun  phosphate  and  the  sulphates  of 
the  alkaline  earths. 

The  residue  is  removed  from  the  filter  by  a  stream  of  water 
from  the  wash-bottle,  covered  with  dilute  acetic  acid,  and  allowed 
to  stand  twenty-four  hours  in  the  cold.  The  residue  now  con- 
taining silicic  acid,  barium,  and  strontium  sulphates,  calciimi 
fluoride,  and  ferric  phosphate,  together  with  aluminium  and  man- 
ganese hydroxides,  is  filtered  and  washed,  dried  at  120°  C,  and 
transferred  as  completely  as  possible  to  a  platinum  crucible  and 
the  ash  of  the  filter  added  to  it.  The  contents  of  the  crucible  are 
fused  with  sodium-potassium  carbonate,  and  after  extracting 
the  melt  with  water  the  fluorine  is  determined  in  the  filtrate  as 
-described  on  page  372. 

Remark. — The  calcium  fluoride  finally  obtained  should  be 
tested  for  fluorine,  for  the  addition  of  calcium  chloride  will  almost 
always  cause  a  precipitation  (cf.  page  372),  which  may  consist  of 
calcium  fluoride  and  phosphate,  or  the  latter  only.  After  weigh- 
ing the  precipitate,  it  is  treated  with  a  few  drops  of  concentrated 
sulphuric  acid  and  covered  with  a  watch-glass  whose  convex  sur- 
face is  covered  with  a  thin  coating  of  beeswax  with  a  few  lines 
scratched  in  the  latter.    The  crucible  is  allowed  to  stand  this 


DETERMINATION  OF  FLUORINE  IN  MINERAL  IVATERS.     375 

way  for  twelve  hours  at  the  ordinary  temperature.  A  little  water 
is  then  poured  upon  the  watch-glass  and  the  crucible  is  heated 
over  a  tiny  flame  until  the  vapors  of  sulphuric  acid  begin  to  be 
evolved.  If  fluorine  is  present  there  will  be  a  distinct  etching 
of  the  glass  where  the  wax  coating  was  removed. 

The  contents  of  the  crucible  are  cautiously  evaporated  to  dry- 
ness in  an  air-bath,  gently  ignited,  and  weighed.  The  residue, 
now  consisting  of  calcium  sulphate  and  possibly  calcium  phos- 
phate, is  dissolved  in  hydrochloric  acid,  the  solution  evaporated  to 
dr3aiess  and  the  residue  dissolved  in  a  little  nitric  acid  and  tested 
for  phosphoric  acid  by  means  of  ammonium  molybdate.  If  the 
test  is  positive,  the  amount  of  fluorine  present  is  computed  as 
follows : 

The  original  precipitate  weighing  p  gms.  contained 

X  gms.  CaFj  and  y  gms.  CajCPOOj. 

After  treatment  with  concentrated  sulphuric  acid,  the  residue 
weighed  q  gms.  and  consisted  of 

mx  gms.  CaSOi  and  y  gms.  Cag(P04)2. 

We  have,  therefore,  two  equations: 

1.  X    +y=p 

2.  mx+y—q 

and  from  these  it  follows 

x= Tiq-p) 

or  x=1.3435(g-p) 

T    xt.      u  ^'  CaSO^     136.06    ,  ^.  .^ 

In  the  above  equation    m  ==  ^^-^  =  — 70—  ==  1 .7443. 

If  phosphoric  acid  is  absent  the  weight  of  the  calcium  fluoride' 
should  stand  in  the  same  relation  to  that  of  calcium  sulphate 
obtained  after  treatment  with  concentrated  sulphuric  acid,  as 

CaFj(78):CaSO4(136.06). 
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This  relation  does  not  hold  exactly  in  practice,  for  it  is  almost 
impossible  to  obtain  a  precipitate  of  calcium  fluoride  absolutely 
free  from  silica. 

Remark. — If  the  insoluble  residue  obtained  from  the  evapora- 
tion of  the  water  after  treatment  with  acetic  acid  contains  con- 
siderable silica  it  can  be  analyzed  as  follows:  It  is  dried  at  120°  C.> 
placed  in  the  U-shaped  decomposition-tube  that  will  be  described 
below,  the  ash  of  the  filter-paper  added,  and  by  the  action  of 
concentrated  sulphuric  acid  the  fluorine  is  volatilized  as  silicon 
fluoride.  This  is  not  weighed  as  described  on  page  377,  but 
absorbed  in  dilute  ammonia,  when  the  following  decomposition 
takes  place: 

SiF.H-  4NH,0H =Si(OH),+  4NH,F. 

Often  the  amount  of  silicic  acid  present  is  so  small  that  it 
remains  entirely  in  solution;  usually,  however,  a  distinct  tur- 
bidity is  evident,  which  is  a  proof  of  the  presence  of  fluorine.  The 
solution  is  treated  with  J  c.c.  of  double-normal  sodium  carbonate 
solution,  a  little  ammoniacal  zinc  oxide  is  added,  the  solution 
boiled  until  the  ammonia  is  expelled,  and,  after  filtering,  the 
fluorine  is  determined  in  the  filtrate  as  CaF,  according  to  page  371. 

Determination  as  Silicon  Fluoride. 

This  method,  proposed  by  Fresenius,  depends  upon  the  fact 
that  all  fluorides  are  decomposed  by  the  action  of  concentrated 
sulphuric  acid  and  silica,  while  the  fluorine  escapes  as  silicon 
fluoride,  which  can  be  absorbed  and  weighed. 

Procedure. — ^From  0.2  to  1  gm.  of  the  very  finely  powdered 
substance  is  intimately  mixed  in  an  agate  mortar  with  ignited, 
finely  powdered  quartz,  and  then  by  means  of  a  cylinder  of  glazed 
paper  it  is  transferred  to  an  absolutely  dry  U  tube  about  2.5  cm. 
wide  and  20  cm.  long.  The  substance  remaining  in  the  mortar 
is  removed  by  rubbing  it  with  5  gms.  of  the  powdered  quartz 
and  the  mixture  is  covered  with  40  c.c.  of  concentrated  sulphuric 
acid,  which  has  previously  been  heated  until  it  fumes  strongly 
and  afterwards  cooled  in  a  desiccator  over  PjOj.  Both  ends  of 
the  tube  are  then  closed  with  rubber  stoppers  containing  one 
hole  in  each.    Through  one  of  the  stoppers  is  passed  a  right-angled 
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tube  by  means  of  whfch  a  dry  current  of  air  free  from  carbon  dioxde 
can  be  conducted  through  the  apparatus.  It  is  best  to  obtain 
the  air  from  a  gasometer.  Before  it  reaches  the  apparatus  the  air 
is  passed  through  a  wash-bottle  filled  with  concentrated  sulphuric 
acid  and  then  through  two  U  tubes,  the  former  containing  soda- 
lime  and  the  latter  glass  beads  moistened  with  concentrated  sul- 
phuric acid.  Through  the  other  stopper  is  also  placed  a  right- 
angled  tube  and  this  is  connected  with  a  series  of  five  U  tubes, 
all  the  connections  being  air-tight.  The  tube  nearest  the  one 
containing  the  substance  is  empty,  and  during  the  experiment 
it  is  cooled  by  being  placed  in  a  beaker  containing  cold  water. 
The  next  tube  contains  glass-wool,  or,  if  the  substance  contains 
chlorine,  half  of  it  is  filled  with  pimiice  impregnated  with  anhy- 
drous copper  sulphate  *  and  the  other  half  with  calcium  chloride 
free  from  lime.f  The  third  and  fourth  tubes  serve  for  the  absorp- 
tion of  the  silicon  fluoride.  The  first  is  filled  with  pieces  of  pumice 
moistened  with  water  and  the  latter  contains  soda-lime  in  one 
half  and  calcium  chloride  in  the  other.  After  these  tubes  is  placed 
a  safety-tube,  likewise  containing  soda-lime  in  the  first  half  and 
calcium  chloride  in  the  other;  these  last  three  tubes  are  weighed 
both  before  and  after  the  experiment. 

When  the  apparatus  has  been  set  up  in  this  manner  and  the 
absorption  tubes  weighed,  the  substance  is  decomposed.  At 
first  a  slow  current  of  air  is  passed  through  the  apparatus  at  the 
rate  of  about  one  bubble  a  second;  the  decomposition-tube  is 
then  placed  in  a  paraffine-bath  and  the  latter  is  gradually  heated 
to  150-160°  C.  After  the  bath  has  been  kept  at  this  temperature 
for  one  or  two  hours  there  is  usually  no  further  evolution  of  gas. 
The  apparatus  is  then  allowed  to  cool  in  the  current  of  air,  the 
absorption  tubes  removed,  rubbed  with  chamois  skin  on  the 
outside,  and  allowed  to  stand  near  the  balance  for  fifteen  minutes. 

*  About  40  gms.  of  pumice,  in  pieces  about  the  size  of  a  pea,  are  placed  in  a 
porcelain  dish  and  covered  with  a  concentrated  solution  containing  25  gms. 
of  copper  sulphate.  The  solution  is  evaporated  to  dryness  with  constant 
stirring,  heated  three  to  four  hours  in  a  drying  oven  at  160°  C.  and  an  equal 
length  of  time  at  200°  C.  The  warm  mass  is  immediately  placed  in  a  flask 
provided  with  a  rubber  stopper  and  containing  a  calcium  chloride  tube.  It 
is  hygroscopic  and  when  moist  it  will  absorb  silicon  fluoride. 

t  Cf .  p.  294,  foot-note. 
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At  the  end  of  this  time  the  stoppers  are  opened  for  a  second  and 
then  closed,*  and  the  tubes  are  weighed.  The  increase  of  weight 
represents  the  amount  of  SiF^,  and  from  this  the  amount  of 
fluorine  present  is  calculated  as  follows :  Assume  that  a  gms.  of  cal- 
cium fluoride  yielded  p  gms.  of  SiF^.  The  treatment  with  the 
concentrated  sulphuric  acid  caused  the  following  reaction  to  take 
place: 

2CaF,+  2H^0,+  SiO, = 2CaS04+  2H,0+ SiF„ 
consequently  the  following  proportion  holds: 

SiF,:4F=p:« 
4F 


«= 


and  in  per  cent. 


x= 


-^z^  •p=gms.  fluorine 

4F 
a:-7^Fr- •p=100:x 

400F    p 


SiF,     a 


or 


x= 72.797-  —= per  cent,  fluorine. 

Remark, — This  method  is  not  suited  for  the  determination 
of  fluorine  in  all  fluorides,  e.g.  topaz  and  micas. 

Determination  of  Fluorine  as  Hydrofluosilicic  Acid,  according 

to  S.  L.  Penfield.t 

Principle, — Penfield  expels  the  fluorine  as  silicon  fluoride  in 
exactly  the  same  way  as  in  the  method  of  Fresenius  (page  376), 
but  the  gas  is  absorbed  in  50  per  cent,  alcoholic  potassium  chloride 
solution.  By  contact  with  water  the  silicon  fluoride  is  decomposed 
into  hydrofluosilicic  and  silicic  acids.  The  former  unites  with  the 
potassium  chloride,  forming  potassium  silicofluoride,  insoluble  in 
50  per  cent,  alcohol: 

HjSiF,+  2KC1  =  K2SiF,+  2HC1, 


♦  It  is  best  to  use  U  tubes  for  the  absorption  which  are  provided  with 
ground-glass  stoppers  (see  Fip;.  4S,  p.  298). 

tChem.  News,  30,  p.  179;  also  Am.  Chem.  Jour.,  1,  p.  27. 
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and  sets  free  an  equivalent  amount  of  hydrochloric  acid;  the 
latter  is  titrated  with  N/5  sodium  hydroxide  solution,  with  lac- 
moid*  as  an  indicator.  For  the  calculation  the  following  pro- 
portion holds: 

1000  c.c.  N/5  HCl-yV  mol.  CaF,=  |F 
.-.  1  c.c.  N/5  NaOH= 0.0234  gm.  CaF,  or  0.0114  gm.  F. 

Procedure, — The  fluoride  is  decomposed  as  before  with  con- 
centrated sulphuric  acid  in  the  presence  of  ten  times  as  much 
finely-powdered  and  ignited  quartz.  The  silicon  fluoride  evolved 
is  passed  through  a  dry  U  tube  half  filled  with  glass  beads,  and 
placed  in  a  beaker  of  cold  water,  f  From  here  it  passes  into  a 
second  U  tube  containing  20  c.c.  of  a  50  per  cent,  potassium  chloride 
solution,  and  in  this  tube  almost  all  of  the  silicon  fluoride  is  absorbed. 
In  order  to  remove  the  last  traces  of  the  latter,  the  gas  is  allowed 
to  pass  through  a  third  U  tube  containing  10-15  c.c.  of  the  potas- 
sium chloride  solution.  As  soon  as  there  is  no  further  evolution 
of  gas,  from  5  to  6  liters  of  air  are  passed  through  the  apparatus  and 
the  contents  of  the  second  and  third  U  tubes  are  titrated  with 
N/5  sodium  hydroxide  after  the  addition  of  a  drop  of  lacmoid, 
until  the  solution  turns  blue.  On  the  sides  of  the  first  U  tube, 
where  the  gas  first  comes  in  contact  with  the  moisture,  a  thick 
paste  of  silicic  acid  firmly  adheres.  This  must  be  removed  with 
the  help  of  a  bent  stirring-rod,  for  otherwise  some  enclosed  acid 
will  escape  the  titration. 

Oasometric  determination  of  Fluorine,  according  to 

HEMPEL  and   0ETTEL4 

(a)  Separation  of  Fluorine  from  Hetals. 

For  the  determination  of  the  metals  present,  the  fluorine  usually 
can  be  removed  by  heating  with  concentrated  sulphuric  acid; 
in  the  case  of  many  silicates  containing  fluorine,  however,  e.g. 
topaz,  lepidolite,  and  other  micas,  this  treatment  will  not  accom- 

*  Penfield  recommends  cochineal  as  indicator.  E.  Cad^^ne  obtained  excel- 
lent results  with  lacmoid  when  testing  the  method  in  the  author's  laboratory. 

t  This  tube  serves  to  remove  any  sulphuric  acid  mechanically  carried 
over  with  the  gas. 

{  Cf.  Hempel's  Methods  of  Gas  Analysis  (L.  M.  Dennis). 
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plish  the  desired  result.  In  such  cases  the  mineral  is  fused  with  4  to 
6  times  as  much  sodium-potassium  carbonate,  the  melt  is  extracted 
with  water,  the  silica  and  aluminium  precipitated  from  the  solu- 
tion obtained  by  means  of  ammonium  carbonate  (see  page  372), 
and  these  two  substances  determined  in  the  residue,  while  the  filtrate 
is  used  for  the  fluorine  analysis.  The  metals  and  the  remainder  of 
the  silicic  acid  are  determined  in  the  residue  obtained  on  extracting 
the  melt  with  water  (cf.  p.  389).  The  estimation  of  the  alkalies 
must  be  undertaken  in  a  separate  portion  of  the  substance. 

(6)  Separation  of  Fluorine  from  the  Acids. 

1.  Determination  of  Hydrochloric  and  Hydrofluoric  Acids  in  the 

Presence  of  One  Another. 

In  the  case  of  soluble  alkali  salts,  the  fluorine  is  first  precipi- 
tated from  the  solution  by  means  of  a  little  sodium  carbonate  and 
an  excess  of  calcium  nitrate  solution,  as  described  on  p.  372.  The 
filtrate  is  acidified  with  nitric  acid  and  the  chlorine  determined 
by  precipitation  with  silver  nitrate,  according  to  p.  240. 

Remark, — If  phosphoric  acid  is  present  at  the  same  time,  it  is 
precipitated  with  the  calcium  fluoride.  When  both  acids  are 
present  in  approximately  equal  amounts,  the  calcium  salts  are 
weighed  and  the  amount  of  fluorine  estimated  as  described  on  p.  375. 
In  the  filtrate  the  chlorine  is  determined  as  before.  If,  however, 
more  phosphoric  than  hydrofluoric  acid  is  present,  the  results 
obtained  by  this  indirect  analysis  are  inaccurate.  In  such  a  case 
the  chlorine  and  the  phosphoric  acids  are  precipitated  together 
by  the  addition  of  silver  nitrate  to  the  slightly  alkaline  solution, 
the  precipitate  is  filtered  off,  washed  with  as  little  cold  water 
as  possible,  and  the  precipitate  treated  with  dilute  nitric  acid.  By 
this  means  the  silver  phosphate  goes  into  solution,  while  the  silver 
chloride  is  unaffected.  In  order  to  determine  the  amount  cf 
phosphoric  acid  present,  the  silver  is  removed  from  the  solution 
by  the  addition  of  hydrochloric  acid,  and  the  phosphoric  acid  is 
precipitated  in  the  filtrate  by  addition  of  magnesia  mixture 
(cf.  p.  343). 

In  the  filtrate  from  the  silver  phosphate  and  silver  chloride  pre- 
cipitate, the  excess  of  silver  nitrate  is  removed  by  the  addition  of 
sodium  chloride  and  the  fluorine  is  determined  as  calcium  fludride* 
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In  the  case  of  an  insoluble  compound  containing  chlorine  and 
fluorine,  the  melt  obtained  after  fusing  with  sodium-potassium 
carbonate  is  extracted  with  water,  the  silica  is  removed  with 
Ammonium  carbonate  and  zinc-ammonium  hydroxide  as  described 
<m  p.  373,  and  the  chlorine  and  fluorine  determined  as  above. 

In  a  majority  of  cases  it  is  more  convenient  to  determine  the 
two  acids  in  separate  portions  of  the  substance. 

2.  Determinalion  of  Boric  and  Hydrofluoric  Adds, 

The  solutitjn  containing  the  alkali  salts  of  these  two  acids  is 
precipitated  at  the  boiling  temperature  by  means  of  an  excess  of 
calcium  chloride  ;  the  precipitate  is  filtered  olBF  and  washed  with 
hot  water. 

The  precipitate,  consisting  of  calcium  carbonate,  calcium 
fluoride,  and  some  calcium  borate,  is  gently  ignited,  treated  with 
dilute  acetic  acid,  evaporated  to  dryness,  and  more  acetic  acid  and 
water  are  added.  By  this  means  the  calcium  acetate  and  cal- 
cium borate  go  into  solution,  while  the  calcium  fluoride  is  left 
behind  and  is  analyzed  as  described  on  p.  372.  For  the  boric 
acid  determination  a  second  portion  of  the  solution  is  taken, 
made  barely  acid  with  acetic  acid,  and  treated  with  a  slight  excess 
of  calcium  acetate  solution  in  order  to  precipitate  the  fluorine. 
The  solution,  together  with  the  calcium  fluoride,  is  placed  in 
the  Gooch  retort  and  subjected  to  distillation  as  described  on 
p.  337. 

Hydrofluosilicic  Acid,  H^SiF..    Mol.  Wt.  144.42. 

Forms:  Calcium  Fluoride,  CaF,;  Potassium  Silicofluoride; 

or  volumetrically. 

I.  Determination  as  Caicitun  Fluoride. 

Principle. — Alkali  fluosilicates  are  decomposed  on  heating 
with  sodimn  carbonate  solution  into  fluoride  and  silicic  acid: 

NajSiF,  +  2NajC03-f  HjO- 6NaF-f  HjSiOg-f  2C0,. 

If  a  solution  is  to  be  analyzed  containing  free  hydrofluosilicic 
acid  or  its  sodium  salt,  it  is  treated  with  sodium  carbonate  solu- 
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tion  until  the  reaction  is  alkaline,  a  considerable  amount  of  ammo- 
nium carbonate  is  added,  the  solution  heated  to  about  40^  C, 
and,  after  standing  twelve  hours,  the  precipitated  silicic  acid  is 
filtered  oflF. 

The  solution  now  contains  all  the  fluorine  as  sodium  fluoride, 
in  the  presence  of  small  amounts  of  silicic  acid,  which  are  pre- 
cipitated by  the  addition  of  zinc-ammonia  hydroxide  (see  p.  373). 
In  the  filtrate  the  fluorine  is  determined  as  calcium  fluoride,  as 
described  on  p.  372. 

An  insoluble  fluosilicate  is  fused  with  four  times  as  much 
sodiiun-potassium  carbonate,  the  melt  extracted  with  water,  and 
the  solution  subjected  to  the  above  treatment. 

2.  Determination  as  Potassium  Silicofluoride. 

This  analysis  is  only  applicable  for  the  determination  of  free 
hydrofluosilicic  acid  in  aqueous  solution. 

Procedure, — ^The  solution  Is  treated  with  potassium  chloride 
and  an  equal  volume  of  absolute  alcohol.  The  barely-visible 
potassium  silicofluoride  is  filtered  through  a  tared  filter  which 
has  been  dried  at  100*^  C.  After  washing  with  50  per  cent,  alcohol 
the  precipitate  is  dried  at  100*^  C.  and  weighed  as  KjSiFj. 

llie  volumetric  determination  of  hydrofluosilicic  acid  will  be 
discussed  in  Part  II. 

Analysis  of  Salts  of  Hydrofluosilicic  Acid. 

For  the  determination  of  the  metal  present,  the  salt  is  treated 
with  concentrated  sulphuric  acid  in  a  platinum  dish  and  heated  until 
dense  fumes  of  sulphuric  anhydride  are  given  off;  silicon  fluoride 
and  hydrofluoric  acid  volatilize,  while  the  metals  are  left  behind 
as  sulphates  (cf.  Vol.  1,  p.  354). 

Determination  of  Water  Present  in  Fluosilicates,  (Rose-Jannasch)* 

The  water  cannot  be  determined  by  ignition,  because  all  fluo- 
silicates,  even  topaz,  evolve  silicon  fluoride  when  subjected  to 
this  treatment  (cf.  Vol.  I,  p.  355).     If,  as  proposed  by  Rose,  the 


*  Rose-Finkener:   Lehrbuch  der  analyt.  Ch.,  Bd.  II;  and  Jannasch,  Prak- 
tischer  Leitfaden  der  Gewichtsanalyse,  Leipzig,  1897,  p.  243. 
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substance  is  fused  with  six  or  eight  times  as  much  lead  oxide,  all 
the  water  is  evolved,  while  the  fluorine  remains  behind: 

R^SiF. + 3PbO=i  2RF+ 2PbFj+  PbSiO,. 

The  anal3rsis  is  best  performed  according  to  the  directions  of 
Jannasch:  A  bulb  with  a  capacity  of  about  25  c.c.  is  blown  near 
one  end  of  a  tube  of  difficultly  fusible  glass  which  is  26  cm.  long 
and  1  cm.  wide.  Near  the  middle  of  the  longer  side  of  the  tube 
is  placed,  between  asbestos  plugs,  a  layer  3  to  5  cm.  long  of  pulver- 
ized, anhydrous  lead  oxide,  and  this  end  of  the  tube  is  connected 
with  two  weighed  calcium  chloride  tubes.  The  substance  is  placed 
in  the  bulb,  after  which  six  or  eight  times  as  much  lead  oxide  is 
added  and  mixed  with  the  substance  by  carefully  revolving  the  tube. 
A  dry  current  of  air  is  now  conducted  through  the  apparatus  and 
the  contents  of  the  bulb  are  slowly  melted.  All  of  the  water  and 
often  some  of  the  fluorine  is  thereby  expelled,  and  the  latter  is 
absorbed  by  the  layer  of  lead  oxide.  At  the  end  of  the  operation 
this  layer  is  cautiously  heated  with  a  moving  flame  until  no  more 
water  condenses  in  the  cooler  part  of  the  tube.  When  all  of  the 
water  has  been  driven  over  into  the  calcium  chloride  tubes  the 
latter  arc  weighed  with  the  customary  precautions. 


GROUP  vn. 

SILICIC  ACID  (ALSO  TITANIC,  ZIRCONIC,  TANTALIC,  AND 

NIOBIC  ACIDS). 

SILICIC  ACID,  H^SiOs.    Mol.  Wt.  78.42. 
Form:  Silicon  Dioxide,  SiO,. 

Two  cases  must  be  considered: 

(a)  The  silicate  is  decomposed  by  acids. 

(6)  The  silicate  is  not  decomposed  by  acids. 

(a)  Silicates  Decomposed  by  Acids. 

These  are  treated  with  hydrochloric  acid  in  a  porcelain  dish 
and  evaporated  upon  the  water-bath  with  frequent  stirring  until 
the  residue  is  obtained  in  the  form  of  a  dry  powder.  In  many 
cases  the  decomposition  is  shown  to  be  complete  by  the  fact  that 
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no  gritty  partides  can  be  felt  with  the  stirring- rod  on  the  bottom 
of  the  dish.  If,  however,  the  substance  contained  quartz  or  some 
silicate  that  is  not  decomposed  by  hydrochloric  acid,  this  is  not 
the  case  and  the  procedure  described  on  p.  405  is  then  followed. 

The  dry  powder  is  mobtened  with  concentrated  hydrochloric 
acid  and  the  covered  dish  is  allowed  to  stand  at  least  twenty  min- 
utes at  the  ordinary  temperature,  in  order  that  basic  salts  and 
oxides  formed  during  the  evaporation  and  drying  may  be  once 
more  changed  to  chlorides.  Then  100  c.c.  of  water  are  added,  it  is 
heated  to  boiling,  and  after  the  silicic  acid  has  been  allowed  to 
settle,  the  clear  liquid  is  decanted  through  a  filter  supported  upon 
a  platinum  cone  placed  in  the  apex  of  the  funnel.  The  residue 
is  washed  3  or  4  times  with  hot  water  by  decantation,  then  trans- 
ferred to  the  filter  and  washed  with  hot  water  until  free  from 
chloride.*  The  precipitate  is  then  dried  by  means  of  suction, 
placed  in  a  platinum  crucible,  and  set  aside  for  the  time  being. 
The  separation  of  the  silicic  acid  is  now  by  no  means  quantitative; 
as  much  as  5  per  cent,  of  the  total  amount  may  remain  in  the 
filtrate.  In  order  to  remove  this,  the  solution  is  once  more  evap- 
orated to  dryness  on  the  water-bath,  kept  at  this  temperature 
for  one  or  two  hours  (or  more),  moisteaed  with  a  few  cubic  cen- 
timeters of  concentrated  hydrochloric  acid,  and  allowed  to  stand 
not  more  than  fifteen  minutes.f  Hot  water  is  then  added,  the 
residue  is  filtered  through  a  new  and  correspondingly  small  filter, 
and  washed  with  hot  water.  The  amount  of  silicic  acid  now 
remaining  in  the  filtrate  amounts  to  not  more  than  0.15  per  cent, 
of  the  total  amount,  and  for  most  purposes  can  be  neglected.  It 
can  be  removed,  however,  by  a  third  evaporation  to  dryness. 
The  filters  containing  the  silica  are  ignited  wet  in  a  platinum 
crucible  and  finally  over  the  blast-lamp,  and  weighed.}  The 
silica  obtained  is  only  slightly  hygroscopic. 

*  If  the  precipitate  is  not  perfectly  white,  but  somewhat  brownish  owing 
to  the  presence  of  a  basic  ferric  salt,  concentrated  hydrochloric  acid  is  allowed 
to  run  around  the  upper  edge  of  the  filter  and  is  immediately  washed  down 
through  the  funnel  by  means  of  a  stream  of  hot  water.  This  is  repeated 
until  the  filtrate  comes  through  perfectly  colorless. 

t  By  being  kept  in  contact  with  the  acid  for  too  long  a  time  some  silicic 
acid  will  go  into  solution. 

X  With  regard  to  the  temperature  at  which  silica  is  completely  dehydrated. 
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Testing  the  Purity  of  the  Silica, 

The  silica  thus  obtained  is  never  absolutely  pure,  except  in 
the  analysis  of  a  water-glass.  Its  purity  must  always  be  tested. 
For  this  purpose  it  is  covered  with  2  or  3  c.c.  of  water,*  a  drop  of 
concentrated  sulphuric  acid  is  added,  and  3  to  5  c.c.  of  pure  hydro- 
fluoric acid  (distilled  from  a  platinum  retort).  The  crucible  is  then 
placed  in  a  platinized  cone  (Fig.  15,  p.  28)  on  the  water-bath 
and  evaporated  under  a  good  hood  until  no  more  vapors  are  ex- 
pelled. The  excess  of  sulphuric  acid  is  then  removed  by  heating 
over  a  free  flame.  The  temperature  is  raised  and  the  crucible  is 
finally  heated  over  a  blast-lamp,  after  which  it  is  again  weighed. 
This  process  is  repeated  until  the  contents  of  the  crucible  (usually 
AljOj  and  FejO,)  are  at  a  constant  weight,  and  this  amount  is 
deducted  from  the  weight  of  impure  silica. 

Remark. — In  order  to  make  the  separation  of  silicic  acid  quan- 
titative it  has  been  proposed  to  heat  the  residue  obtained  by 
evaporation  at  110*^-120°  C.  It  has  been  found,  however ,t  that 
nothing  is  gained  by  this  practice;  as  some  silicic  acid  is  obtained 
in  the  filtrate  and  the  deposited  silicic  acid  is  less  pure  than  when 
dried    on    the  water-bath.J     It   is,  therefore,    not   advisable   to 


there  is  a  difference  of  opinion.  Lunge  and  Millberg  (Zeit.  f.  angew.  Chem., 
(1S97),  p.  425)  state  that  the  temperature  of  the  Bunsen  burner  is  sufficient, 
but  they  operated  with  silica  obtained  by  the  hydrolysis  of  silicon  tetra- 
chloride, in  order  to  obtain  a  product  absolutely  free  from  alkalies.  Hille- 
brand  (Am.  Chem.  Soc,  XXIV  (1902),  p.  362)  confirmed  the  results 
of  Lunge  and  Millberg  with  regard  to  the  ignition  of  a  silica  obtained 
in  this  way,  but  positively  asserts  that  silicic  acid  when  obtained  by  the  decom- 
position of  an  alkali  silicate  with  acid  must  be  ignited  over  the  blast-lamp 
in  order  to  dehydrate  it  completely.  The  results  of  Hillebrand  have  been 
confirmed  in  the  author's  laboratory  by  A.  Schrdter. 

*  If  the  water  is  not  added,  the  mass  will  effervesce  so  strongly  that 
there  is  danger  of  losing  some  of  the  impure  silica. 

t  James  P.  Gilbert,  Tech.  Quarterly,  III,  p.  61,  and  Zeit.  fiir  anal. 
Chem.,  XXIX  (1890),  688. 

X  When  considerable  magnesium  was  present,  more  silica  was  found  in 
the  filtrate  after  igniting  at  280°  than  when  dried  on  the  wat«r-bath.  This 
is  due  to  the  fact  that  magnesia  formed  by  hydrolysis  reunites  with  the  silica 
to  form  magnesium  silicate,  and  the  latter  is  decomposed  by  hydrochloric 
acid  with  the  formation  of  soluble  silicic  acid. 
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attempt  to  dehydrate  the  silica  at  a  temperature  higher  than  that 
of  the  water-bath. 

(6)  Silicates  Not  Decomposed  by  Acids. 
These  must  be  fused;  this  can  be  effected  by 

(a)  The  Sodium  Carbonate  Method, 

One  gram  of  the  very  finely  powdered  substance  is  placed  in 
a  spacious  platinum  crucible  together  with  4  to  6  parts  of  calcined 
sodiimi  carbonate  (or  a  mixture  of  equal  parts  sodium  and  potas- 
sium carbonates)  and  fused.  The  powdered  siUcate  should  be 
intimately  mixed  with  the  flux  and  a  Uttle  sodium  carbonate 
sprinkled  on  top,  the  crucible  covered  and  heated  for  some  time 
over  a  small  flame  in  order  to  drive  out  any  moisture  present. 
The  temperature  is  raised  gradually  until  finally  the  highest  heat 
of  a  good  Teclu  burner  is  obtained ;  or,  lacking  the  latter,  a  blast- 
lamp  should  be  used.  As  soon  as  the  mass  melts  quietly  and 
there  is  no  further  evolution  of  carbon  dioxide,  the  decompo- 
sition is  complete.  The  crucible  is  seized  with  a  pair  of  crucible 
tongs  having  platinum  points  and  placed  in  cold  water,  but  so 
that  the  water  does  not  enter  the  crucible.  By  means  of  this 
rapid  cooling  the  melt  is  usually  detached  from  the  sides  of  the 
crucible  and  can  be  removed  by  simply  turning  the  crucible  up- 
side down  and  gently  tapping  its  sides.*  The  melt  is  received 
in  a  good-sized  beaker,  covered  with  water,  a  sufficient  quantity 
of  strong  hydrochloric  acid  is  added,  and  the  beaker  covered  with 
a  watch-glass.  A  Uvely  evolution  of  carbon  dioxide  at  once  takes 
place,  but  in  proportion  as  silicic  acid  separates  out,  the  inner 
part  of  the  cake  gradually  becomes  coated  with  a  film  of  silicic 
acid  which  protects  it  from  the  further  action  of  the  acid.  Con- 
sequently it  is  necessary  to  break  up  the  cake  from  time  to  time 

*  A  better  method  of  removing  the  melt  from  the  crucible  is  recom- 
mended by  Hillebrand:  The  crucible  is  seized  ^th  the  tongs  while  its  con- 
tents are  still  liquid  and  a  circular  motion  is  imparted  to  the  latter.  By 
this  means  the  melt  solidifies  on  the  sides  and  bottom  of  the  crucible  in  thin 
layers  which  can  usually  be  removed  from  the  crucible,  and  the  decomposi- 
tion by  acids  is  greatly  facilitated.  For  another  method,  see  Talbot's 
Quantitative  Chemical  Analysis,  p.  33. 
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by  means  of  a  glass  rod  until  finally  there  is  no  further  evolution 
of  a  gas  and  no  more  hard  lumps  remain.  When  manganese 
is  present  the  melt  is  colored  green  and  the  solution  is  pink.  The 
latter  is  heated  until  this  pink  color  disappears  and  is  then 
transferred  to  a  platinum  dish  (or  lacking  this,  one  of  porcelain 
may  be  used).  The  small  amount  of  the  melt  adhering  to  the 
sides  of  the  crucible  is  transferred  to  the  contents  of  the  dish  by 
means  of  water  and  hydrochloric  acid.  The  solution  is  then 
analyzed  as  described  on  page  383. 

Remark, — If  the  fusion  cannot  be  removed  from  the  crucible, 
it  is  placed,  together  with  its  cover,  in  the  beaker  and  treated  as 
above. 

In  this  case,  if  the  melt  was  very  green-colored,  it  should  not 
be  decomposed  with  hydrochloric  acid,  but  with  nitric  acid,  for 
the  chlorine  evolved  by  the  action  of  the  hydrochloric  acid  upon 
the  manganate  would  attack  the  platinum. 

Substances  containing  considerable  fluorine  cannot  be  treated 
as  above,  for  silicon  fluoride  will  be  lost  by  volatilization.  In 
this  case  it  is  necessary  to  use  the  old  method  of  Berzelius.  The 
melt  from  the  sodium  carbonate  fusion  is  extracted  with  water, 
as  in  the  determination  of  fluorine  (p.  372),  and  the  greater  part 
of  the  silica  removed  by  means  of  ammonium  carbonate.  The 
precipitate  is  filtered  off,  ignited,  and  weighed. 

The  silicic  acid  remaining  in  the  filtrate  is  precipitated  by 
means  of  ammoniacal  zinc  hydroxide.  The  precipitate  thus  ob- 
tained, consisting  of  zinc  oxide  and  zinc  silicate,  is  decomposed 
with  hydrochloric  acid  and  the  silica  obtained  by  evaporation 
on  the  water-bath  as  usual.  As  a  rule,  the  insoluble  part  of  the 
melt  contains  silicic  acid,  and  this  must  also  be  removed  by  evapo- 
ration with  hydrochloric  acid.  All  three  silica  precipitates  are 
ignited  together  and  the  purity  of  the  silica  tested. 

Besides  the  sodium  carbonate  method  for  the  analysis  of 
silicates  not  decomposable  with  acids  a  great  number  of  other 
methods  have  been  proposed,  but  of  these  only  the  following  will 
be  mentioned  here. 
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0?)  Lead  Oxide  Method  of  Jannasch* 

This  analysis  is  interesting  because  it  permits  of  an  exact 
determination  of  the  alkalies  and  of  silicic  acid  in  the  same  sample. 

Inasmuch  as  commercial  lead  oxide  (litharge)  is  not  free  from 
impurities,  it  is  prepared  for  the  analysis  by  the  ignition  of  pure 
lead  carbonate. 

The  lead  carbonate  is  prepared  by  adding  the  theoretical 
amount  of  ammonium  carbonate  to  a  boiling  solution  of  lead 
acetate.  The  precipitate  is  washed  several  times  by  decantation 
with  hot  water,  then  transferred  to  a  hardened  filter,  and  com- 
pletely washed,  using  suction.  The  mass  is  finally  carefully  re- 
moved from  the  filter-paper  and  dried  on  the  water-bath. 

Procedure, — For  each  gram  of  the  silicate  10-12  gms.  of  lead 
carbonate  are  used.  First  of  all  a  little  lead  carbonate  is  placed 
in  the  crucible,  then  the  very  finely  powdered  substance,  and  after 
mixing  thoroughly  with  a  platiniun  spatula  the  covered  crucible 
is  heated  for  fifteen  to  twenty  minutes  over  a  flame  which  is 
not  more  than  3-4  cm.  high,  by  which  means  the  greater  part 
of  the  carbon  dioxide  is  expelled.  The  contents  of  the  crucible 
are  then  more  strongly  heated  until  fusion  is  effected,  taking  care 
that  the  flame  used  is  strictly  non-luminous;  the  lower  third  of 
the  crucible,  and  no  more,  may  be  heated  to  redness. 

After  fusing  for  ten  to  fifteen  minutes  the  decomposition  is 
complete,  and  the  covered  crucible  is  quickly  touched  into  cold 
water,  but  so  that  its  contents  remain  dry.  The  melt  is  placed  in 
a  platinum  dish,  covered  with  hot  water  and  a  sufficient  quantity 
of  concentrated  nitric  acid  and  evaporated  on  the  water- bath, 
breaking  up  the  melt  with  a  stirring-rod  as  much  as  possible. 
When  the  cake  is  completely  disintegrated,  as  is  shown  by  there 
remaining  no  more  hard  yellow  pieces  and  only  slightly  colored 
flocks  of  silicic  acid  floating  in  the  liquid,  the  latter  is  evaporated 
on  the  water-bath  until  a  dry  powder  is  obtained;  this  is  moist- 
ened with  concentrated    nitric   acid  and  once  more  evaporated 

*  Gaston  Bong,  Zeit.  fur  anal.  Chem  ,  XVIII  (1879).  p.  270,  first  pro- 
posed that  silicates  be  decomposed  by  fusion  with  red  lead  (Pb,04),  but 
Jannasch  in  his  Praktisches  Leitfaden  der  Gewichtsanalyse  has  greatly 
improved  the  method. 
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to  complete  dryness.  The  dry  residue  is  moistened  with  20  e.c.  of 
concentrated  nitric  acid,  and  allowed  to  stand  fifteen  minutes;  100 
c.c.  of  water  are  added,  and  the  liquid  is  heated  for  twenty 
minutes  on  the  water-bath.  The  residue  of  silicic  acid  is  filtered 
off,  washed  first  with  hot  water  containing  nitric  acid,  then  with 
pure  water,  and  weighed  after  the  usual  ignition. 

Remark. — ^In  the  analysis  of  minerals  containing  fluorine,  e.g. 
topaz,  Jannasch  finds  that  the  results  obtained  are  about  0.5-1 
per  cent,  lower  than  when  the  Berzelius  method  is  used.  In  such 
a  case  this  method  of  decomposition  is  used  only  for  the  deter- 
mination of  the  metals  and  of  the  alkalies,  after  introduction  of 
hydrogen  sulphide  and  removal  of  the  lead. 

ANALYSIS  OF  Silicates. 

OFthoclase. 

Constituents:  silicic  acid  <63-70  per  cent.);  aluminium  oxide 
(16-20  per  cent.) ;  ferric  oxide  (0.3  per  cent.) ;  potassium  oxide 
(8-16  per  cent.);  sodium  oxide  (1-6  per  cent.);  and  often  small 
amounts  of  calcium  oxide,  magnesium  oxide,  and  in  rare  cases 
barium  and  ferrous  oxides. 

Preparation  of  the  Substance  for  Analysis. 

The  substance  is  placed  upon  a  thick  steel  plate  within  a  steel 
ring  (about  2  cm.  high  and  6  cm.  in  diameter)  and  broken  into 
small  pieces  by  means  of  a  hardened  steel  hammer ;  the  pieces  are 
then  reduced  to  a  coarse  powder.  The  latter  is  placed  in  an 
agate  mortar  in  small  portions  and  ground  as  fine  as  possible 
and  preserved  in  a  glass-stoppered  bottle.  In  this  way  from  5-6 
gms.  of  powder  are  obtained. 

By  this  means,  as  proposed  by  Hillebrand,  there  is  less  danger 
of  contaminating  the  substance  with  small  particles  of  iron  than 
when  a  so-called  steel  mortar  is  used,  especially  after  the  latter 
has  been  worn  rough  on  its  inner  surface.  Further,  the  practice 
of  passing  the  powder  through  bolting-cloth  is  to  be  avoided  when 
possible,  as  in  this  way  the  substance  becomes  contaminated  with 
fibres  of  cloth  and  too  large  an  amount  of  ferrous  iron  will  be 
found. 
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Weighing  the  Stibatance. 

It  is  customary  to  dry  the  powder  before  weighing  at  100- 
110°  C.  until  a  constant  weight  is  obtained.  If  there  is  danger  of 
losing  combined  water  by  this  procedure,  it  has  been  recommended 
to  dry  the  powder  in  a  vacuum  over  concentrated  sulphuric  acid. 
The  practice  of  drying  the  substance  in  either  of  the  above  ways 
is,  however,  to  be  discoimtenanced.  It  is  far  better  to  use  the  air- 
dried  substance  for  the  analysis,  and  to  determine  the  moisture  in  a 
separate  sample.  This  is  more  accurate,  because  the  dry  silicate 
powder  is  hygroscopic,  so  that  a  portion  weighed  out  to-day  is 
likely  to  contain  a  different  amount  of  moisture  than  one  taken 
to-morrow,  and  this  is  not  the  case  when  the  air-dried  powder  is 
taken  for  the  analysis.  Further,  as  Hillebrand  has  conclusively 
shown,  chemically  combined  water  is  not  only  likely  to  be  ex- 
pelled by  heating  at  100°  C,  but  also  by  drying  in  a  vacuum 
over  sulphuric  acid.  This  is  particularly  true  of  the  zeolites.  In 
the  case  of  orthoclase,  however,  only  about  0.1  per  cent,  of  moist- 
ure is  present,  so  that  in  this  particular  case  accurate  results  will 
be  obtained  by  either  method. 

For  the  analysis  two  portions  must  be  taken,  each  amounting 
to  about  1  gm.  in  w^eight.  The  first  serves  for  the  determination 
of  SiOj,  Al203+Fe203,  CaO,  and  MgO;  the  second  for  that  of  the 
alkalies. 

Determination  of  Silica,  Aluminium,  etc. 

About  1  gm.  of  the  air-dried  substance  is  placed  in  a  spacious 
platinum  crucible,  dried  for  one  hour  at  120°  C,  cooled  in  a  desic- 
cator, and  weighed.  The  difference  in  weight  represents  the 
amount  of  moisture.  The  heating  is  continued  until  a  constant 
weight  is  obtained.* 

*  In  the  case  of  most  silicates,  as  Hillebrand  has  shown,  the  water  is  not 
completely  expelled  at  120°  C.  It  is  best,  therefore,  to  obtain  a  constant 
weight  by  drying  at  105-110°,  and  in  a  separate  portion  the  total  amount 
of  moisture  is  determined  by  igniting  strongly,  finally  over  the  blast-lamp. 
It  is  advisable  to  make  the  analysis  for  silica,  etc.,  in  a  different  portion; 
often  the  drying  at  105°  C.  is  incomplete  after  twenty-four  hours,  and  after 
the  ignition  the  substance  is  no  longer  in  the  form  of  a  powder. — [Trans- 
lator.] 
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The  dry  substance  is  mixed  with  4  to  5  gms.  of  calcined  sodium 
carbonate  by  means  of  a  platinum  spatula,  and  the  silicic  acid  is 
determined  exactly  as  described  on  p.  386.*  The  silica  obtained 
is  treated  with  sulphuric  and  hydrofluoric  acids,  as  described  on 
p.  385,  and  the  residue  of  Aljd^  in  the  crucible  is  placed  at  one 
side  for  the  present. 

Determination  of  Aluminium  and  Ferric  Oxides. 

The  filtrate  from  the  silicic  acid  contains,  besides  the  chlorides 
of  aluminium,  iron,  calcium,  and  magnesium,  weighable  amounts 
of  platinum,  partly  coming  from  the  crucible  in  which  the  fusion 
was  made,  and  partly  from  the  action  of  the  ferric  chloride  and 
hydrochloric  acid  upon  the  platinum  dish  in  which  the  evapora- 
tion took  place  (cf .  p.  96,  foot-note). 

To  remove  the  platinum,  the  solution  is  heated  to  boiling  and 
hydrogen  sulphide  is  passed  into  it.  The  mixture  of  platinum 
sulphide  and  sulphur  is  filtered  off  and  the  solution  is  boiled  to 
expel  the  excess  of  hydrogen  sulphide.  The  iron  is  then  completely 
oxidized  back  to  the  ferric  state  by  the  addition  of  bromine  water 
and  boiling  until  the  excess  of  the  latter  is  expelled.  After  this 
about  10  c.c.  of  double-normal  ammonium  chloride  solution  are 
added  and  the  boiling-hot  solution  is  precipitated  by  the  addition  of 
a  slight  excess  of  ammonia  free  from  carbonate  (cf .  p.  121,  Remark), 

*  Formerly  a  single  evaporation  of  the  melt  with  hydrochloric  acid  was 
made,  and  it  was  assumed  that  the  silica  remaining  in  solution  was  quan- 
titatively precipitated  with  the  iron  and  aluminium  by  the  addition  of  ammo- 
nia. After  obtaining  the  weight  of  the  ignited  ammonia  precipitate  it  was 
fused  with  potassium  pyrosulphate  and  the  melt  taken  up  in  the  dilute  sul- 
phuric acid;  the  residual  silica  was  filtered  off  and  weighed.  The  filtrate 
was  analyzed  as  above  described.  Hillebrand  has  recently  shown  that  this 
procedure  is  inaccurate.  In  the  first  place,  the  silica  remaining  in  solution 
is  not  completely  thrown  down  with  the  iron  and  aluminium  precipitate, 
and  in  the  second  place  the  silicic  acid  is  not  absolutely  insoluble  in  dilute 
sulphuric  acid.  Hillebrand  found  that  from  a  solution  containing  0.20 
gm.  A1,0,  and  0.0101  gm.  SiO,  as  much  as  0.0007  gm.  SiO^  could  be  detected 
in  the  filtrate  from  the  ammonia  precipitate.  From  the  potassiiun  pyro- 
sulphate melt  he  succeeded  in  obtaining,  according  to  the  old  method,  only 
0.0033  gm.  SiOj,  while  he  obtained,  by  evaporating  the  solution  until  fumes 
of  sulphuric  acid  came  off  and  subsequently  diluting  with  water,  as  much 
as  0.0060  gm.  SiO,,  or  about  twice  as  much  as  was  at  first  insoluble. 
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The  precipitate  is  allowed  to  settle,  after  which  it  is  filtered,  and 
washed  twice  by  decantation  with  hot  water.  It  is  then  dissolved 
by  running  hot  dilute  hydrochloric  acid  through  the  filter  into  the 
beaker  containing  the  greater  part  of  the  precipitate.  The  precipi- 
tation with  ammonia  is  repeated  as  before,  and  after  filtering  and 
washing  by  decantation,  the  precipitate  is  transferred  to  the  filter 
and  washed  until  free  from  chloride  with  water  containing  am- 
monium nitrate.  The  precipitate  is  aUowed  to  drain  as  completely 
as  possible,  and  is  ignited  wet  in  the  crucible  containing  the  residue 
obtained  from  the  treatment  of  the  impure  silica  with  sulphuric 
and  hydrofluoric  acids.  After  igniting  strongly  over  a  good  Teclu 
burner  (or  the  blast-lamp)  the  crucible  is  weighed;  its  contents 
represents  the  sum  of  the  aluminium  and  ferric  oxides. 

For  the  determination  of  the  ferric  oxide,  the  mixed  oxides 
are  fused  with  potassium  pyrosulphate  as  described  on  p.  95. 
The  decomposition  is  complete  after  two  to  four  hours.  The  melt 
is  dissolved  in  water  containing  a  little  sulphuric  acid  and  the 
iron  is  determined,  after  previous  reduction  with  hydrogen  sulphide, 
by  titration  with  potassium  permanganate  (cf.  p.  79).  If  the 
weight  of  the  Fe,Oj  is  deducted  from  the  weight  of  FejOj+AljO,, 
the  weight  of  AljO,  is  obtained.* 

Determination  of  Calcium. 

The  combined  filtrates  from  the  ammonia  precipitate  are 
evaporated  to  a  small  volume,  heated  to  boiling,  and  precipitated 
by  means  of  a  boiling  solution  of  ammonium  oxalate.  After 
standing  twelve  hours  the  calcium  oxalate  is  filtered  oflf,  and  with 
small  amounts  of  calcium  this  precipitate  is  ignited  wet  in  a  platinum 
crucible  and  weighed.     If,  however,  considerable  calcium  is  present. 


♦The  amount  of  iron  and  aluminium  can  be  determined  more  quickly, 
though  less  accurately,  as  follovr-s:  The  moist  anrunonia  precipitate  is  dis- 
solved in  hot  dilute  sulphuric  acid  and  diluted  to  a  volume  of  exactly  250 
CO  After  thoroughly  mixing,  100  c.c.  are  removed  by  means  of  a  pipett« 
into  a  beaker  and  a  second  portion  of  the  same  volume  is  placed  in  a  200- 
C.C.  flask.  In  the  first  portion  the  sum  of  Fe^Oj+AljOa  is  determined  by 
precipitating  with  ammonia,  filtering,  igniting,  and  weighing;  in  the  other 
portion  the  iron  is  reduced  by  hydrogen  sulphide  and  then  titrated  with 
permanganate 
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the  moist  precipitate  is  redissolved  in  hydrochloric  acid,  and  again 
precipitated  by  the  addition  of  ammonia  and  a  little  more  am- 
monium oxalate.  The  precipitate  is  ignited  strongly,  and  weighed 
as  CaO. 

Testing  of  the  Calcium  Oxide  Precipitate  for  Barium. 

Although  it  is  usually  unnecessary  to  make  either  a  qualitative 
or  quantitative  test  for  barium  in  a  sample  of  orthoclase,  yet  it 
is  likely  to  be  present  in  traces  so  that  it  may  be  well  to  show 
how  this  can  be  done.  As  far  as  the  author  knows  strontium 
has  never  been  found  in  orthoclase.  On  account  of  the  solubility 
of  barium  oxalate  in  a  solution  of  ammonium  oxalate,  the  barium 
will  rarely  be  found  in  the  calchim  precipitate  when  a  double  pre- 
cipitation is  made,  except  when  it  is  present  to  an  extent  of  more 
than  3  or  4  mgms.* 

To  test  the  calcium  precipitate  for  barium,  it  is  dissolved  in 
nitric  acid,  evaporated  to  dryness,  and  heated  for  some  time  at  140** 
C.  The  calcium  nitrate  is  dissolved  out  by  ether-alcohol  (p.  73,  a), 
and  any  residue  remaining  behind  is  tested  in  the  spectroscope  for 
barium.  If  an  appreciable  amount  of  the  latter  is  found,  the 
calcium  must  be  determined  in  the  ether-alcohol  extraction.  It  is 
carefully  evaporated  to  dryness,  the  residue  dissolved  in  a  little 
water  and  precipitated  as  before  by  the  addition  of  ammonium 
oxalate.  After  standing  twelve  hours  the  precipitate  is  filtered 
oflf,  washed,  ignited,  and  weighed.  If  no  barium  is  found  with 
the  lime,  it  is  by  no  means  safe  to  conclude  that  the  former  is 
absent;  it  can  very  well  have  gone  into  the  filtrate  from  the 
double  precipitation  of  calcium.  This  amount  will  be  precipitated 
with  the  magnesium  as  barium  phosphate  unless  it  is  removed  as 
indicated  below. 

For  the  quantitative  determination  of  barium  a  separate 
portion  of  the  substance  is  taken  (see  below). 

Determination  of  Magnesium. 

The  combined  filtrates  from  the  calcium  oxalate  are  evapo- 
rated to  dryness,  ignited  in  a  porcelain  dish,  and  the  residue  dis- 

♦  W.  F.  Ilillebrand,  Joum.  Am.  Chexn.  Soc,  16  (1894),  p.  83. 
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solved  in  water  to  which  a  few  drops  of  hydrochloric  acid  have 
been  added.  The  carbonaceous  residue  is  filtered  ofif,  a  drop  of 
sulphuric  acid  added,  and  the  solution  is  aUowed  to  stand  twelve 
hours  to  see  if  any  precipitate  of  barium  sulphate  will  form.  In 
the  latter  case,  the  precipitate  is  filtered  off  and  tested  for  barium 
according  to  Vol.  I,  p.  62;  in  the  filtrate  from  the  barium  sulphate 
the  magnesium  is  determined  as  described  on  page  61. 

Determination  of  Baiitim. 

If  the  qualitative  tests  have  shown  the  presence  of  barium, 
a  larger  sample  of  the  substance  is  weighed  out  (about  2  gms.) 
moistened  in  a  platinum  dish  with  10  c.c.  of  sulphuric  acid  (1 :4) 
and  5  c.c.  of  hydrofluoric  acid  are  added.  The  Uquid  is  evapo- 
rated on  the  water-bath,  with  frequent  stirring,  imtil  the  mineral 
is  completely  decomposed,  which  is  recognized  by  there  no  longer 
being  any  sandy  particles  perceptible  on  stirring  with  a  platinum 
spatula.  Frequently  a  further  addition  of  hydrofluoric  acid  is 
necessary.  When  the  decomposition  is  complete,  the  greater 
part  of  the  sulphuric  acid  is  removed  by  heating  the  contents  of 
the  dish  in  an  air-bath.  After  cooUng,  the  residue  is  taken  up  in 
water,  and  the  barium  sulphate  is  filtered  off,  and  ignited  wet 
in  a  platinum  crucible.  The  precipitate  thus  obtained  always 
contains  small  amounts  of  calcium  sulphate  which  must  be  ehm- 
inated.  To  accomplish  this,  the  residue  in  the  crucible  is  dis- 
solved in  a  Uttle  hot  concentrated  sulphuric  acid,  and  after  cool- 
ing the  solution  is  diluted  with  cold  water.  The  barium  sulphate 
is  now  completely  free  from  calcium;  it  is  filtered  off,  ignited, 
and  weighed. 

Determination  of  the  Alkalies. 

(a)  Method  of  J.  Lawrence  Smith* 

Principle. — ^The  substance  is  heated  with  a  mixture  of  1  part 
ammonium  chloride  and  8  parts  calcium  carbonate.  By  this 
means  the  alkalies  are  obtained  in  the  form  of  chlorides,  while  the 
remaining   metals  are  for  the  most  part  left  behind  as  oxides, 

*  Am.  Jour.  Science  [2],  50,  p.  269,  and  Ann.  d.  Chem.  u.  Phann..  159, 
p.  82  (1871). 
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and  the  silica  is  changed  to  calcium  silicate,  as  represented  by  the 
foDowing  equation: 

2KAlSi303+  6CaC0,+ 2NH,C1 = 

= 6CaSi03+  6C0a+  AI2O3+  2KC1+  2NH,+  H,0. 

The  alkali  chlorides  together  with  calcium  chloride  can  be 
removed  from  the  sintered  mass  by  leaching  with  water,  while 
the  other  constituents  remain  undissolved. 

Preparation. — ^The  ammonium  chloride  necessary  for  the  de- 
termination is  prepared  by  subliming  the  commercial  salt;  the 
calcium  carbonate  by  dissolving  the  purest  calcite  obtainable  in 
hydrochloric  acid  and  precipitating  with  ammonia  and  ammonium 
carbonate.  This  last  operation  is  performed  in  a  large  porcelain 
dish.  After  the  precipitate  has  settled,  the  clear  solution  is  poured 
off  and  the  precipitate  is  washed  by  decantation  until  free  from 
chlorides.  The  product  thus  obtained  contains  traces  of  alkalies, 
but  the  amount  present  is  determined  once  for  aU  by  a  blank 
test  and  a  corresponding  deduction  made  from  the  results  of  the 
analysis;  it  is  usually  sodium  chloride  and  amounts  to  0.0012- 
0.0016  gm.  for  8  gma.  calcium  carbonate.  The  decomposition 
was  performed  by  Smith  in  a  finger-shaped  crucible  about  8  cm. 
long  and  with  a  diameter  of  about  2  cm.  at  the  top  and  IJ  cm.  at 
the  bottom.  Such  a  crucible  is  suitable  for  the  decomposition 
of  about  0.6  gm.  of  the  mineral.  A  larger  quantity  can  be  analyzed 
in  an  ordinary  platinum  crucible. 

FiUing  the  Crvcible, — ^About  0.5  gm.  of  the  mineral  is  mixed 
with  an  equal  quantity  of  subUmed  ammonium  chloride  by  trit- 
uration in  an  agate  mortar,  then  3  gms.  of  calcium  carbonate 
are  added  and  intimately  mixed  with  the  former.  The  mixture 
is  transferred  to  a  platinum  crucible  with  the  help  of  a  piece  of 
glazed  paper,  and  the  mortar  is  rinsed  with  one  gram  of  calcium 
carbonate,  which  is  added  to  the  contents  of  the  crucible. 

The  Ignition, — ^The  covered  crucible  is  placed  in  a  slightly 
inclined  position  and  graduaUy  heated  over  a  small  flame  until 
no  more  ammonia  is  evolved*    (this  should  take  about  fifteen 


*  During  this  part  of  the  operation  the  heat  should  be  kept  so  low  that 
ammonium  chloride  does  not  escape.  The  latter  is  dissociated  into  ammonia 
and  hydrochloric  acid  by  the  heat,  and  the  acid  unites  with  the  calcium 
carbonate  to  form  calcium  chloride.— {Translator.] 
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minutes),  then  the  temperature  Ls  raised  until  finally  the  lower 
three-fourths  (and  no  more)  of  the  crucible  are  brought  to  a 
dull  red  heat,  and  this  temperature  is  maintained  for  50-60 
minutes.  The  crucible  is  then  allowed  to  cool  and  the  sintered 
cake  usually  can  be  removed  by  gently  tapping  the  inverted  cru- 
cible. Should  this  not  be  the  case,  it  is  digested  a  few  minutes 
with  water,  which  serves  to  soften  the  cake  so  that  it  can  be  readily 
washed  into  a  large  porcelain,  or,  better,  platinum  dish.  The 
covered  dish  is  heated  with  50-75  c.c.  of  water  for  half  an  hour, 
replacing  the  water  lost  by  evaporation,  and  the  large  particles 
are  reduced  to  a  fine  powder  by  rubbing  with  a  pestle  in  the  dish. 
The  clear  solution  is  decanted  through  a  filter  and  the  residue  is 
washed  four  times  by  decantation,  then  transferred  to  the  filter 
and  washed  with  hot  water  until  a  few  cubic  centimeters  of  the 
washings  give  only  a  slight  turbidity  with  silver  nitrate.  To 
make  sure  that  the  decomposition  of  the  mineral  has  been  com- 
plete, the  residue  is  treated  with  hydrochloric  acid;  it  should 
dissolve  completely,  leaving  no  trace  of  undecomposed  mineral. 
Precipitation  of  the  Calcium. — ^The  aqueous  solution  is  treated 
with  anmionia  and  ammonium  carbonate,  heated  and  filtered. 
As  this  precipitate  contains  small  amounts  of  alkali,  it  is  redis- 
solved  in  hydrochloric  acid  and  the  precipitation  with  anunonia 
and  ammonium  carbonate  is  repeated.  The  combined  filtrates 
are  evaporated  to  dryness  in  a  porcelain  or  platinum  dish,  and  the 
ammonium  salts  are  removed  by  careful  ignition  over  a  moving 
flame.*  After  cooling,  the  residue  is  dissolved  in  a  little  water  and 
the  last  traces  of  calcium  are  removed  by  the  addition  of  ammonia 
and  ammonium  oxalate.  After  standing  twelve  hours,  the  cal- 
cium oxalate  is  filtered  off  and  the  filtrate  is  received  in  a  weighed 
platinum  dish,  evaporated  to  dryness,  and  gently  ignited.  After 
cooling  the  mass  is  moistened  with  hydrochloric  acid  in  order  to 
transform  any  carbonate  into  chloride,  the  evaporation  and  igni- 
tion is  repeated,  and  the  weight  of  the  contents  of  the  dish  is  deter- 
mined; this  represents  the  amovmt  of  alkali  chloride  present.  To 
determine  potassium,  the  residue  is  dissolved  in  water,  and  the 


♦  Before  igniting,  it  is  well  to  heat  the  contents  of  the  dish  in  a  drying-oven  at 
1 10®.    By  this  means  there  is  no  danger  of  loss  by  decrepitation.— [Translator.] 
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potassium  is  precipitated  as  potassium  platinic  chloride,  as  de- 
scribed on  p.  40.    The  sodium  is  determined  by  difference. 

(6)    The  Hydrofiiujric  Add  Method  of  Berzelius. 

About  0.5  gm.  of  the  mineral  is  weighed  into  a  platinum  dish, 
2  c.c.  of  water  and  0.5  c.c.  of  concentrated  sulphuric  acid  are 
added,  and  mixed  with  the  substance  by  means  of  a  platinmn 
spatula;  after  cooling  about  5  c.c.  of  pure,  concentrated  hydro- 
fluoric acid,  which  has  been  distilled  from  a  platinum  retort  with 
the  addition  of  a  little  potassium  permanganate,  are  added.* 
The  liquid  is  evaporated  on  the  water-bath,  frequently  stirring 
with  the  platinum  spatula,  until  no  more  hydrofluoric  acid  is 
expelled  and  no  more  hard  particles  can  be  felt  at  the  bottom 
of  the  dish. 

The  dish  is  heated  in  an  air-bath  until  the  greater  part  of  the 
sulphuric  acid  is  removed;  this  is  necessary  to  make  sure  that 
the  hydrofluoric  acid  is  completely  expeUed.  It  is  not  advisable, 
however,  to  remove  all  of  the  sulphuric  acid,  on  account  of  the 
danger  of  forming  insoluble  basic  salts.  The  mass  is  aUowed  to 
cool,  covered  with  200  c.c.  of  water,  and  digested  until  all  of  the 
residue  has  gone  into  solution.f  The  sulphates  are  now  transformed 
to  chlorides  by  precipitation  with  as  slight  an  excess  of  barium 
chloride  as  possible;  and  then,  without  stopping  to  filter  ofif  the 
barium  sulphate,  the  aluminium,  calcium,  and  excess  of  barium 
are  precipitated  by  the  addition  of  ammonia  and  ammonium 
carbonate.  The  precipitate  is  allowed  to  settle,  washed  four 
times  by  decantation,  then  transferred  to  the  filter  and  washed 
free  from  chloride.  The  filtrate  is  evaporated  to  dryness,  and  the 
anmionium  salts  removed  by  gentle  ignition.  A  few  drops  of 
hydrochloric  acid  are  added,  and  the  magnesium  is  removed  by 
adding  barium  hydroxide  solution  until  slightly  alkaline,  boiling 
and  filtering.  The  filtrate  is  treated  with  ammonia  and  am- 
monium carbonate,  boiled,  and  the  precipitated  barium  carbonate 
filtered  off.  This  filtrate  is  again  evaporated  to  dryness,  the 
ammonium  salts  are  expelled,   the   residue    is    dissolved    in    a 


♦The  pennanKanate   serves   to   destroy  organic   matter  that  is   likely 
to  be  present  in  commercial  hydrofluoric  acid. 

t  If  barium  was  present,  it  is  left  behind  as  the  sulphate 
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little  water,  and  a  little  more  barium  carbonate  is  pre- 
cipitated by  the  addition  of  ammonia  and  ammoniimi  car- 
bonate. This  treatment  is  repeated  until  finally  the  addition 
of  amimonia  and  ammoniiun  carbonate  produces  no  further  pre- 
cipitation. The  last  filtrate  is  evaporated  to  dryness,  gently 
ignited,  moistened  with  hydrochloric  acid,  again  evaporated, 
ignited  and  weighed;  this  represents  the  weight  of  the  alkali 
chlorides  together  with  a  smaD  amount  of  magnesium  chloride. 
The  chlorides  are  dissolved  in  a  little  water,  and  the  potassium 
precipitated  as  potassimn  chlorplatinate  (p.  40).  If  the  cor- 
responding amount  of  potassium  chloride  is  deducted  from  the 
first  weight,  the  amount  of  sodium  chloride  plus  the  smaD  amount 
of  magnesium  chloride  will  be  obtained.  In  order  to  determine 
the  latter,  the  alcoholic  filtrate  from  the  potassium  chlorplatinate 
precipitate  is  evaporated  to  dryness^  on  the  water-bath  (the  water 
in  the  bath  must  not  boil),  and  the  residue  is  dissolved  in  a  little 
water  and  washed  into  a  small  flask.  The  latter  is  now  fitted 
with  a  rubber  stopper  containing  two  holes,  and  through  these,  two 
right-angled  pieces  of  glass  tubing  are  introduced,  one  reaching 
to  the  bottom  of  the  stopper  and  the  other  until  it  almost 
touches  the  liquid  in  the  flask.  The  solution  is  now  heated  to 
boiling  so  that  steam  escapes  from  both  of  the  tubes.  After  boil- 
ing two  minutes  we  can  assiune  that  the  air  is  completely  ex- 
pelled from  the  flask;  the  short  tube  is  connected  with  a  hydrogen 
generator  and  a  rapid  current  of  hydrogen  is  conducted  through 
the  apparatus,  while  at  the  same  time  the  flame  is  removed  from 
beneath  the  flask  and  the  long  tube  is  closed  by  means  of  a  piece 
of  rubber  tubing  containing  a  glass  rod.  The  liquid  is  allowed 
to  cool  completely,  and  the  air-space  above  will  be  entirely  filled 
with  hydrogen.  As  the  hydrogen  is  absorbed  by  the  liquid,  the 
sodium  and  magnesium  chlorplatinates  are  reduced  to  chloride 
with  the  deposition  of  metaUic  platinum,  which  floats  on  the  liquid 
in  the  form  of  dendrites: 

Na2Ptae+2H,=  4HCl-f2NaCl  +  Pt 
MgPtCle + 2H2=  4HC1  -h  MgClj  -f  Pt 

The  flask  is  placed  in  a  lukewarm  water-bath,    frequently 
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shaken,  and  the  hydrogen  is  allowed  to  act  upon  the  solution  until 
the  reduction  is  shown  to  be  complete  by  the  liquid  becoming  per- 
fectly colorless.  The  connecti9n  with  the  hydrogen  generator 
is  now  broken  and  a  rapid  current  of  carbon  dioxide  is  conducted 
through  the  solution  for  two  minutes  through  the  longer  tube  in 
order  to  remove  the  hydrogen.  This  is  necessary,  as  otherwise 
on  opening  the  flask  there  is  likely  to  be  an  explosion  between  the 
hydrogen  and  oxygen,  owing  to  the  catalytic  action  of  the  plati- 
nmn.  The  platiniun  is  filtered  off,  the  filtrate  concentrated,  and 
the  magnesium  precipitated  by  the  addition  of  anmionia  and 
sodium  phosphate.  After  standing  twelve  hours,  the  magnesium 
anunonium  phosphate  is  filtered  off  and  the  magnesium  deter- 
mined as  magnesium  pyrophosphate.  The  corresponding  weight 
of  MgCl,  is  deducted  from  the  weight  of  NaCl+MgCl,,  and  in  this 
way  the  amount  of  NaCl  is  determined. 

Remark. — This  method  is  in  very  general  use,  and  the  results 
obtained  agree  closely  with  those  by  the  J.  Lawrence  Smith  method. 
Many  silicates,  such  as  the  feldspars,  are  readily  decomposed  by 
the  action  of  sulphuric  and  hydrofluoric  acids;  others,  such  as 
certain  specimens  of  tourmaline,  only  with  difficulty.  According 
to  Jannasch  the  members  of  the  andalusite  group  are  not  com- 
pletely decomposed  by  hydrofluoric  acid,  but  this  can  be  effected 
by  strongly  igniting  with  ammoniiun  fluoride.  For  this  purpose 
the  ignited  mineral  is  placed  in  a  platinum  dish,  covered  with 
10  c.c.  of  ammonia,  evaporated  to  dryness,  diluted  with  water, 
strongly  acidified  with  concentrated  hydrofluoric  acid,  and  again 
evaporated  to  dr3mess.  The  dish  is  placed  in  a  nickel  beaker  and 
ignited  quite  strongly,  until  finally  the  excess  of  ammoniimi  fluoride 
is  driven  off.  The  residue  is  now  treated  with  sulphuric  acid  (1:2) 
in  order  to  decompose  salts  of  hydrofluosilicic  acid,  evaporated 
on  the  water-bath  as  far  as  possible,  and  then  the  greater  part  of 
the  sulphuric  acid  is  removed.  From  this  point  the  procedure 
is  the  same  as  in  the  regular  Berzelius  method. 

The  Smith  method  is  alwa3rs  applicable  and  has  the  advan- 
tage that  the  magnesium  is  practically  completely  removed  at 
the  start. 
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Analysis  of  Lepidolite. 

Lepidolite  is  a  member  of  the  mica  group  and  contains  lithium 
and  fluorine  with  the  following  composition: 

Si30^(Li,K,Na),(F,0H), 
SiO2=40to54perct.;  Al,0,=  19to38perct.;  MnO=0to5perct.; 
MgO=0  to  O.Sperct.;  K30=4  to  11  per  ct.;  Li20=l  to  6per  ct.; 
Na2O=0  to  2  per  ct.;    F=l  to  10  per  ct.;    H^O^l  to  3  per  ct. 

Besides  the  above,  calcium,  iron,  phosphoric  acid,  and  chlorine 
are  frequently  foimd,  and  in  rare  cases  small  amounts  of  csesium 
and  rubidiiun  are  present. 

The  determination  of  the  silicic  acid,  aluminium,  iron,  man- 
ganese, and  magnesium  is  effected  as  in  the  case  of  the  orthoclase 
analysis,  except  that  in  this  case  the  manganese  must  be  separated 
from  the  iron  and  aluminiimi  as  described  on  p.  121  or  123. 

Determination  of  the  Alkalies, — ^The  weight  of  NaCl+KCl+LiCl 
is  determined  by  one  of  the  methods  given  under  the  analysis  of 
orthoclase,  and  the  potassium  weighed  as  potassium  chlorplatinate. 
The  platinum  is  then  removed  by  the  treatment  with  hydrogen, 
or  the  solution  is  heated  to  boiling  and  the  platinum  is  precipitated 
as  the  sulphide  by  the  introduction  of  hydrogen  sulphide.  The 
filtrate  free  from  platinum  is  evaporated  to  dryness  and  the  lithimn 
separated  from  the  sodium  as  described  on  p.  49  or  p.  51. 

Determination  of  Fluorine, — ^This  determination  is  the  same  as 
in  the  case  of  analysis  of  fluorine  in  calcium  fluoride  (p.  372), 
except  that  it  is  imnecessary  to  add  any  silica,  for  the  mineral 
itself  already  contains  a  sufficient  quantity. 

Determination  of  Water, — ^This  is  ^ected  by  the  method  of 
Rose-Jannasch  (p.  382). 

Determination  of  Ferrous  Iron  in  Silicates  and  Rocks. 

The  very  finely  powdered,  but  not  bolted,  mineral  contained 
in  a  platinum  dish  is  covered  with  5  to  10  c.c.  of  dilute  sulphuric 
acid  (1:4)  and  placed  upon  the  little  triangle  (a)  Fig.  65,  made  of 
glass  or,  better,  platinum.  This  is  placed  in  the  lead  vessel  C  and 
the  latter  rests  in  a  paraffine  bath  (B).   After  the  cover  is  placed  upon 
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C,  a  rapid  current  of  carbon  dioxide  is  passed  through  A,  whereby 
the  air  within  the  apparatus  will  be  replaced  in  about  three  minutes. 
The  cover  13  quickly  removed,  and  5  to  lOc.c.  of  concentrated  hydro- 
fluoric acid  are  added.  The  cover  is  immediately  replaced,  and  the 
current  of  carbon  dioxide  continued,  while  the  contents  of  the  dish 
are  repeatedly  stirred  during  the  whole  operation  by  means  of  a 
platinum  spatula  or  piece  of  coarse  wire  introduced  through  the  other 
hole  in  the  cover.*  At  the  same  time  the  paraffine  bath  is  heated 
to  100°  C.  and  kept  at  this  temperature  for  about  an  hour.     As 


Fia.  65. 

soon  as  no  more  gritty  particles  are  to  be  felt,  the  temperature  of 
the  bath  is  raised  to  about  120°  C.  in  order  to  remove  the  large 
excess  of  hydrofluoric  acid.  This  requires  about  another  hour. 
The  dish  is  then  allowed  to  cool  in  the  carbon  dioxide  atmosphere 
and  its  contents  are  finally  washed  into  400  c.c.  of  coki  distilled 
water,  10  c.c.  of  concentrated  sulphuric  acid  are  added,  and 
the  solution  is  titrated  with  a  potassium  permanganate  solution 
of  known  strength  until  a  pink  color  is  obtained  which  is 
permanent  for  several  seconds.  This  end-point  is  fugitive  in 
proportion  to  the  amount  of  hydrofluoric  acid  remaining  in  the 
solution. 

Rmiark. — The  above  method  has  been  used  in  the  author's 
laboratory  with  success  for  several  years.  It  is  a  modification 
of  Cooke's  t  method  in  which  the  decomposition  with  hydrofluoric 

*  In  FiK'  65,  this  second  opening  is  incorrectly  shown.  It  should  xeaUy 
be  in  the  middle  of  the  cover, 

t  J.  P.  Cooke,  .\m.  J.  Science  [2],  XLIV,  p,  347  (1867). 
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acid  took  place  under  a  glass  funnel  upon  the  water-bath.  In 
this  case  a  large  amount  of  hydrofluoric  acid  remains  in  solution 
and  it  is  difficult  to  obtain  a  sharp  end-point. 

Another  method  for  the  determination  of  the  amount  of  ferrous 
iron  present  in  insoluble  silicates  is  that  of  Mitscherlich.  The 
silicate  is  decomposed  in  a  closed  tube  with  sulphuric  acid 
(8  HjSO/.  1  HjO)  under  pressure,  and  the  resulting  solution  titrated 
with  potassium  permanganate.  This  method  usuaDy  gives  good 
results  in  the  case  of  a  silicate  analysis,  but  it  is  worthless  for  the 
analysis  of  rocks  containing  pyrite  or  other  sulphides,  which  on 
treatment  with  sulphuric  acid  are  decomposed  with  evolution  of 
SO,.*  The  latter  serves  to  reduce  iron  that  was  originally  present 
in  the  ferric  form,  so  that  a  too  high  result  will  be  obtained. 

Determination  of  Small  Amounts  of  Titanium  in  Rocks. 

The  colorimetric  method  of  A-  Weller  is  best  suited  for  this 
purpose,  and  is  to  be  preferred  6ive'r  all-  gravimetric  methods. 

Procedure. — The  silicic  acid  is  removed  exactly  as  in  the  analysis 
of  orthoclase  (p.  389)  and  in  the  filtrate  the  iron,  aluminium, 
titanium,  zirconium  (chromium  and  vanadium)  are  separated 
from  the  manganese,  magnesium,  and  calcium,  by  the  acetate 
method.  The  precipitate  thus  obtained  still  contains  traces  of 
manganese,  so  that  it  is  dissolved  in  dilute  hydrochloric  acid  and 
reprecipitated  by  ammonia.  The  precipitate  is  ignited  in  the 
same  crucible  in  which  the  residue  from  the  impure  siUca  is  con- 
tained (small  amounts  of  titanium  are  likely  to  be  in  this  residue) 
fused  with  potassium  pyrosulphate,  and  the  melt  dissolved  in  water 
containing  sulphuric  acid.  Any  insoluble  silicic  acid  is  filtered  off 
and  the  titanium  determined  in  the  filtrate  as  described  on  p.  88 
by  treatment  with  hydrogen  peroxide. 

Remark. — ^In  rock  analysis  it  is  convenient  to  determine  the 
titanium  after  the  determination  of  the  total  iron.  For  this 
purpose  the  solution  of  the  potassium  pyrosulphate  melt  is  satu- 
rated with  hydrogen  sulphide  in  order  to  precipitate  the  platinum 


*  L.  L.  de  Koninck,  Zeit.  fur  anorg.  Chem.,  26  ^901),  125,  and  Hille- 
brand  and  Stokes,  J.  Am.  Chem.  Soc,  XXII  (1900),  p.  625.  See  also  Stokes, 
Am.  J.  Sci.,  Dec,  1901. 
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and  reduce  the  iron,  and  the  filtrate  from  the  platinum  sulphide 
is  titrated  with  potassium  permanganate  after  expelling  the  excess 
of  hydrogen  sulphide,  as  described  on  p.  95.  The  solution  is 
afterwards  concentrated  to  about  80  c.c,  and  the  titanium  de- 
termined as  above. 

Of  the  gravimetric  methods,  that  of  Gooch  is  best  suited  (p.  102), 
but  even  this  fails  in  the  presence  of  zirconium  (Hillebrand),  so 
that  it  is  in  all  cases  better  to  employ  the  colorimetric  method. 

If  it  is  desired  to  analyze  a  rock  for  titanium  alone,  about  one 
gram  should  be  treated  with  hydrofluoric  and  sulphuric  acids 
(see  p.  397),  the  greater  part  of  the  sulphuric  acid  removed  by 
volatilization,  in  order  to  make  sure  that  the  hydrofluoric  acid 
is  expelled,  and  the  residue  taken  up  in  water.  From  this  solu- 
tion the  titanium  is  determined  as  above. 

Determination  of  Zirconium  and  Sulphur  in  Rocks. 

W.  F.  Hillebrand.* 

About  2  gms.  of  the  substance  are  fused  with  5  or  6  times  as 
much  sodiiun  carbonate  (free  from  sulphur)  and  0.5  gm.  potassium 
nitrate  in  a  large  platinum  crucible.  The  crucible  should  be 
placed  through  a  hole  in  a  piece  of  asbestos  and  held  in  an  in- 
clined position  so  that  none  of  the  sulphur  from  the  flame  can 
come  in  contact  with  the  contents  of  the  crucible.  The  melt  is 
taken  up  in  water,  a  few  drops  of  alcohol  are  added  in  order  to 
reduce  any  manganate  to  manganous  salt,  the  solution  is  filtered, 
and  the  precipitate  washed  with  dilute  soda  solution.  The  filtrate 
contains  all  the  sulphur  in  the  presence  of  sodium  silicate,t  while 
the  residue  contains  all  the  barium  and  zirconium  together  with 
the  remaining  oxides  which  were  present  in  the  rock. 

(a)  Treatment  of  the  Filtrate, 

This  should  amovmt  to  100-250  c.c.  in  volume;  it  is  acidified 
with  hydrochloric  acid,  heated  to  boiling,  and  precipitated  with 
hot  barium  chloride  solution.  After  standing  twelve  hours  the 
barium  sulphate  is  filtered  off  and  weighed. 

*  Bulletin  of  the  U.  S.  Geolog.  Survey  (1900),  p.  73. 
t  Besides  sulphuric  and  silicic  acids  the  filtrate  may  contain  chromie 
(yellow  color),  vanadic,  molybdic,  phosphoric,  arsenic,  and  tungstic  acids. 
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According  to  Hillebrand  it  is  not  necessary  to  evaporate  the 
solution  to  remove  the  silicic  acid  before  precipitating  the  sul- 
phuric acid,  for  from  a  dilute  solution  silicic  acid  is  never  precipi- 
tated with  the  barium  sulphate. 

(6)  Treatment  of  the  Residue. 
The  residue  is  washed  by  means  of  a  stream  of  dilute  sulphuric 
acid  (1 :  20)  into  an  evaporating-digh,  and,  after  digesting  for  some 
time,  it  is  filtered  through  the  ori^nal  filter.  The  filtrate  con- 
tains aluminium,  iron,  and  the  greater  part  of  the  zirconium. 
The  residue  contains  the  rest  of  the  zirconium  together  with  barium 
sulphate  and  some  silicic  acid;  after  being  washed,  it  is  ignited 
in  a  platinum  crucible  and  freed  from  silica  by  evaporation  with 
sulphuric  and  hydrofluoric  acids.  The  residue  in  the  crucible 
is  then  taken  up  in  hot  dilute  sulphuric  acid  and  filtered.  The 
insoluble  portion  can  be  used  for  the  determination  of  barium 
(see  below). 

The  two  sulphuric  acid  filtrates,  containing  at  the  moat  only 
1  per  cent,  of  this  acid,  are  treated  with  hydrogen  peroxide 
and  a  few  drops  of  disodium  phosphate.  Aluminium  and  iron 
are  not  precipitated  on  account  of  the  acid  present,  and  only 
traces  of  titanium  are  thrown  down,  while  all  of  the  zirconium 
is  precipitated  as  phosphate,  after  standing  24  to  48  hours. 

If  the  yellow  color  of  the  solution  should  fade  away,  a  little 

more  hydrogen  peroxide  is  added;  the  precipitate  is  filtered  o£f, 

and,  even  when  it  is  small  in  amount,  it  is  purified  from  the  titanium 

as  follows:    The  filter,  together  with  the  precipitate,  is  ignited, 

'■""-i  with  a  little  sodium  carbonate,  the  melt  extracted  with 

r  and  filtered.    This  residue  is  likewise  ignited,  but  it  is  now 

1  with  potassium  pyrosulphate,  and  the  fusion  dissolved  in  hot 

r  containing  a  few  drops  of  dilute  sulphimc  acid.    The  solution 

ured  into  a  small  Erlenmeyer  llask  of  about  20  c.c.  capacity,  a 

irops  of  4  per  cent,  hydrogen  peroxide  antl  a  few  drops  of  sodi- 

ihosphate  solution  are  added,  and  after  standing  1  or  2  days  the 

pitate  is  filtered  off.    The  latter  is  now  free  from  titanium  in 

ly  every  case,  and  after  ignition  it  is  weighed  as  zirconium  phos- 

e.    Although  zirconium  phosphate  theoretically  contains  51.8 

ent.  ZrO..  there  will  be  no  appreciable  error  introduced  if  it  is 
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assumed  that  one-half  the  weight  of  the  precipitate  represents  the 
amount  of  this  oxide  present. 

Determination  of  Barium. 

The  above-mentioned  precipitate  containing  all  the  barium  as 
sulphate;  in  the  presence  of  calcium  and  perhaps  strontium/always 
contains  a  little  silicic  acid.  In  order  to  remove  the  latter,  it  is 
heated  with  hydrofluoric  and  sulphuric  acids  and  the  residue  is 
fused  with  sodium  carbonate.  The  melt  is  treated  with  water  and 
the  carbonates  of  barium  and  calcium  are  filtered  off,  washed,  and 
then  dissolved  in  hot  dilute  hydrochloric  acid.  From  this  solution 
the  barium  is  precipitated  by  the  addition  of  a  slight  excess  of 
sulphuric  acid  and  ignited  wet  in  a  platinum  crucible.  The  pre- 
cipitate thus  obtained  contains  a  small  amount  of  calcium  sulphate, 
which  must  be  eliminated.  For  this  purpose  the  residue  is  dis- 
•  solved  in  the  crucible  by  hot  concentrated  sulphuric  acid,  and  after 
cooling  the  solution  is  poured  into  water.  In  this  way  a  precipitate 
of  barium  sulphate  free  from  calcium  is  obtained.  It  is  ignited 
and  weighed. 

Separation  of  Soluble  from  Insoluble  Silicic  Acid:  Lunge  and 

Millberg.* 

Frequently  a  mixture  of  silicates  is  to  be  analyzed  which  is 
partly  decomposed  on  treatment  with  acids,  with  the  separation 
of  gelatinous  silicic  acid,  and  partly  unaffected.  The  silicic  acid 
deposited  from  solution  by  the  addition  of  acids  is  soluble  in  5 
per  cent,  sodium  carbonate  solution,  while  quartz  ^nd  feldspar 
are  not  appreciably  attacked  by  the  latter  (of.  Vol.  I.  pp.  356,  357). 

If  it  is  desired  to  separate  the  deposited  silicic  acid  from  the 
unattached  silicate  (usually  feldspar  and  quartz),  the  substance  is 
treated  with  acid  (hydrochloric  or  nitric)  and  evaporated  on  the 
water-bath  until  a  dry  powder  is  obtained.  This  is  moistened  with 
acid,  diluted,  boiled,  and  filtered.  After  washing,  the  residue  is 
digested  with  5  per  cent,  sodium  carbonate  solution  on  the 
water-bath,  in  a  porcelain  dish  for  fifteen  minutes.  It  is  then 
filtered,  washed  first  with  soda  solution  and  finally  with  wat^r. 


♦  Zeitschr.  f .  angew.  Chemie,  1897,  pp.  393  and  425. 
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If  a  turbid  filtrate  should  be  obtained,  a  little  alcohol  is  added  to 
the  wash  water,  after  which  the  filtrate  will  at  once  run  through 
clear. 

The  alkaline  filtrate  contains  the  soluble  silicic  acid;  this  can 
be  determined  by  acidifying  and  evaporating  to  dryness.  The 
residue  from  the  sodium  carbonate  treatment,  consisting  of  quartz 
and  feldspar,  is  weighed.  In  order  to  determine  the  quartz,  the 
mixture  is  acted  upon  by  sulphuric  and  hydrofluoric  acids,  the 
excess  of  the  latter  is  removed  by  heating  with  sulphuric  acid,  and 
the  cold  residue  is  dissolved  in  water,  precipitated  with  ammonia, 
and  the  alumina  weighed.  If  this  weight  is  multiplied  by  5.41, 
the  corresponding  amount  of  feldspar  is  obtained,  and  if  this  is 
deducted  from  the  weight  of  the  quartz  +  feldspar,  the  weight  of 
the  quartz  will  be  found. 

Determination  of  Soluble  Silicic  Acid  in  Clay. 

Clay  contains  besides  almnina,  sand  (quartz  +  breccia)  and 
small  amounts  of  calcium  and  magnesium  carbonates. 

About  2  gms.  of  the  substance,  after  having  been  dried  at  120^, 
and  being  in  the  form  of  a  not-too-fine  powder,  are  moistened  with 
water,  and  a  mixture  of  100  c.c.  water  and  50  c.c.  concentrated  sul- 
phuric acid  *  is  added.  The  porcelain  dish  is  covered  with  a  watch- 
glass  and  heated  over  a  free  flame  until  dense  fumes  of  sulphuric 
acid  vapors  are  evolved.  The  contents  of  the  dish  are  allowed 
to  cool,  150  c.c.  of  water  and  3  c.c.  of  concentrated  hydrochloric 
acid  are  added,  the  solution  boiled  for  fifteen  minutes,  filtered, 
washed  completely,  and  the  mixture  of  soluble  silicic  acid,  quartz, 
and  insoluble  silicate  is  treated  as  above. 

Remark. — It  was  formerly  the  custom  to  separate  the  soluble 
silica  from  the  insoluble  silica  by  boiling  with  potassium  hydroxide 
solution.  According  to  the  experiments  of  Lunge  and  Millberg, 
however,  this  is  not  permissible  because  quartz  is  perceptibly 
soluble  in  caustic  potash  solution.  If,  on  the  other  hand,  the 
substance  is  obtained  in  a  very  finely-divided  condition,  even 
sodium  carbonate  solution  cannot  be  used  for  the  same  reason. 


*  Alexander  Subech,  Die  chem.  Industiie  1902.  p.  17. 
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Analysis  of  Chromite. 

Although  chromite  (chrome  iron  ore)  is  not  a  silicate,  it  is 
insoluble  in  all  acids,  and  can  be  brought  into  solution  by  fusion 
with  alkali  carbonates,  or  borates,  so  that  its  analysis  will  be  dis- 
cussed at  this  place. 

Chromite  contains  18  to  39  per  cent.  FeO,  0  to  18  per  cent.  MgO, 
42  to  64  per  cent.  CtjOs,  0  to  13  per  cent.  AljOg,  and  0  to  1 1  per  cent. 
SiOj.    Calcium,  manganese,  and  nickel  are  also  occasionally  present. 

Of  the  finely-powdered  and  bolted  mineral,  0.5  gm.  is  fused 
in  an  inclined,  open  platinum  crucible  with  4  gms.  of  pure  sodium 
carbonate  *  for  two  hours  over  a  good  Teclu  burner.  After  cool- 
ing, the  melt  is  leached  with  water,  acidified  with  hydrochloric 
acid,t  evaporated  in  a  porcelain  dish  until  a  dry  powder  is  obtained, 
moistened  with  hydrochloric  acid,  taken  up  in  water,  and  the 
sihca  filtered  off.  The  latter  is  ignited,  weighed,  and  its  purity 
tested  with  hydrofluoric  acid  (p.  385).  The  filtrate  from  the 
siUcic  acid  is  precipitated  hot  with  hydrogen  sulphide  and  the 
precipitate  of  platinum  sulphide  and  sulphur  is  filtered  off.  It 
is  then  placed  in  an  Erlenmeyer  flask,  10  c.c.  of  ammonium 
chloride,  enough  ammonia  (free  from  carbonate)  to  make  the 
solution  alkaline,  and  a  little  freshly-prepared  anmionium  sul- 
phide are  added,  after  which  the  flask  is  corked  up  and  aUowed 
to  stand  over  night.  In  the  morning  the  precipitate  is  filtered 
off,  washed  twice  with  water  containing  a  little  anunonium  sul- 
phide, then  dissolved  in  hydrochloric  acid,  and  the  precipitation 
by  means  of  ammonium  sulphide  is  repeated.  The  ammonium 
salts  are  removed  from  the  filtrate  and  the  calciimi  and  magnesium 
determined  as  described  on  p.  71. 

The  ammonium  sulphide  precipitate  is  dissolved  in  dilute 
hydrochloric  acid,  any  residue  of  nickel  or  cobalt  sulphide  is  fil- 


*  Bunsen  fused  the  chromite  with  one-third  as  much  SiO,  and  6  to  8 
parts  Na^OO^  and  then  subtracted  the  amount  of  silica  added  from  the 
total  amount  found.  This  makes  the  decomposition  take  place  more  read- 
ily, but  the  author  prefers  not  to  add  the  silica  on  account  of  the  possibility 
of  thereby  introducing  an  error. 

t  If  a  dark  residue  of  imdecomposed  mineral  should  remain,  it  is  filtered 
off  and  again  fused  with  sodium  carbonate. 
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tered  oflF  and  dried.  This  residue  is  then  ignited  first  in  air, 
then  in  a  current  of  hydrogen,  and  finally  weighed  as  metal.  It 
is  not  worth  while  to  attempt  the  separation  of  the  nickel  from 
the  cobalt  on  account  of  the  small  amount  present.  The  filtrate 
from  the  sulphides  of  nickel  and  cobalt  is  freed  from  hydrogen 
sulphide  by  boiling,  the  iron  present  is  oxidized  by  evaporating 
with  potassium  chlorate  and  hydrochloric  acid,  and  the  iron, 
chromium,  and  aluminiimi  are  separated  from  the  manganese  by 
means  of  the  barium  carbonate  method  (p.  121)  and  from  one 
another  as  described  on  p.  94  et  seq.  In  the  filtrate  from  the 
barium  carbonate  precipitate,  the  manganese  is  separated  from 
the  barium  as  described  on  p.  106,  6,  and  determined  as  sulphide 
or  as  sulphate. 

Remark, — If  it  is  desired  to  determine  the  chromium  alone, 
this  is  best  accomplished  by  means  of  a  volumetric  process  (see 
Part  II). 

Determination  of  Thorium  in  Monazite,  according  to  £.  Benz."*" 

Monazite  is  a  phosphate  of  the  rare  earths  [P04(Ce,La,Di,Th)]. 
It  occurs  in  so-called  *•' monazite  sand"  mixed  with  quartz,  rutile, 
zircon,  tantalates,  etc.,  and  is  at  present  the  raw  material  used  for 
the  preparation  of  thorium  (used  in  the  Welsbach  mantle).  The 
value  of  a  sample  of  monazite  sand  depends  upon  the  amount  of 
thorium  present,  and  its  determination  is  best  eflFected  as  follows: 

Of  the  bolted  monazite  sand,  0.5  gm.  is  intimately  mixed  with 
10  gms.  of  potassium  pyrosulphate  in  a  spacious  platinum  cruci- 
ble; the  latter  is  covered  and  slowly  heated  until  its  contents  are 
at  a  gentle  fusion.  This  is  best  accomplished  by  placing  the 
platinum  crucible  within  a  larger  porcelain  one  which  is  provided 
with  an  asbestos  ring.  After  no  more  gas  is  given  off,  the  cruci- 
ble is  gently  ignited  over  the  free  flame,  and,  after  cooling,  its 
contents  are  treated  with  water  and  a  little  hydrochloric  acid 
imtil  it  is  completely  disintegrated.  After  allowing  the  residue 
to  settle,  it  is  filtered,  treated  with  a  little  concentrated  hydro- 
chloric acid,  diluted  with  water,  and  again  filtered.f    In  the  com- 


♦  Zeit.  f.  angew  Chem.  15  (1902),  p.  297. 

t  This  residue  .is  free  from  thorium,  and  consists  chiefly  of  silicic  and 
tantalic  acids. 
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bined  filtrates  the  hydrochloric  acid  is  nearly  neutralized  with 
ammonia  (the  formation  of  a  permanent  precipitate  is  to  be 
avoided,  for  it  will  be  difficult  to  redissolve  it),  the  solution  is 
heated  to  boiling,  and  3  to  5  gms.  of  solid  anmionium  oxalate  are 
added  while  the  liquid  is  vigorously  stirred.  The  oxalates  of 
the  rare  earths  are  inunediately  deposited  in  the  form  of  a  coarse 
powder.  To  make  sure  that  the  precipitation  is  complete,  a  little 
anmionium  oxalate  solution  is  added.  After  standing  twelve 
hours  the  precipitated  oxalates  are  filtered  off,  washed  once  by 
means  of  water  acidified  with  nitric  acid,  then  transferred  to  a 
porcelain  dish,  and  the  last  portions  of  the  precipitate  are  eventually 
washed  from  the  filter  by  repeated  additions  of  hot,  concentrated 
nitric  acid  and  water;  the  liquid  is  evaporated  almost  to  dryness. 
Ten  cubic  centimeters  of  concentrated  nitric  acid  (sp.  gr.  1.4)  and  20 
c.c.  of  fuming  nitric  acid  are  then  added,  the  dish  covered  with  a 
watch-glass  and  heated  on  the  water-bath.  After  a  short  time 
the  nitric  acid  begins  to  decompose  the  oxalic  acid,  shown  by 
the  lively  evolution  of  gas.  After  no  more  gas  is  given  off,  the 
watch-glass  and  sides  of  the  dish  are  washed  down  and  the 
solution  evaporated  to  dryness.  In  order  to  remove  the  free 
nitric  acid,  a  little  water  is  added  and  the  solution  evaporated 
once  more;  after  this  the  filter  fibres  present  are  removed  by 
filtration.  It  is  now  necessary  to  separate  the  thorium  from 
the  remaining  earths.  This  is  effected  by  precipitating  the  former 
with  hydrogen  peroxide  as  thorium  peroxide.  On  ignition  the 
latter  is  changed  into  ThOj,  in  which  form  it  is  weighed. 

The  precipitation  with  hydrogen  peroxide  takes  place  as 
follows:  The  neutral  solution  of  the  nitrates  is  diluted  with  10 
per  cent,  ammonium  nitrate  solution  to  a  volume  of  100  c.c. 
heated  to  60-80*^  C,  and  precipitated  by  the  addition  of  20  c.c. 
of  pure  3  per  cent,  hydrogen  peroxide  solution.  The  precipitate, 
which  is  colored  yellow  by  traces  of  cerium  peroxide  (at  the  most 
y^  mg.  of  the  latter  is  present),  is  inmiediately  filtered,  washed 
with  hot  water  containing  anmionium  nitrate,  ignited  wet  in  a 
platinum  crucible,  and  weighed  as  ThOj. 

If  it  is  desired  to  obtain  an  absolutely  pure  thorium  oxide, 
the  moist  precipitate  is  dissolved  in  nitric  acid  and  the  above 
precipitation  with  hydrogen  peroxide  is  repeated.    By  this  method 
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E.  Benz  obtained  in  the  analysis  of  a  South  American  monazit« 
sand  the  followiog  resulte:  4.72,  4.58,  4.50  per  cent.  ThO,. 

Remark. — The  above  process  for  the  determination  of  thorium 
in  monazite  is  quicker  and  more  accurate  than  either  tliat  of 
Glaser  •  or  that  of  Hintz  and  Weber ,t  so  that  it  b  to  be  recom- 
mended for  both  technical  and  scientific  purposes. 

The  determination  of  thorium  oxide  in  thorite  is  carried  out 
in  the  same  way  with  the  difference  that  instead  of  fusing  the 
mineral  with  sodium  fluoride  and  potassium  pyrosulphate.  it  is 
decomposed  by  treatment  with  hydrochloric  acid,  and  the  silica 
removed  as  usual.  The  filtrate  from  the  silica  is  analyzed 
as  sbov^.t 

Determination  of  Water  in  Silicates. 

If  the  mineral  on  ignition  loses  nothing  but  water,  the  amount 
of  the  latter  can  be  determined  by  the  loss  in  weight.  In  the 
great  majority  of  cases,  however,  other  constituents  (eg.  CO,,  SO,, 
CI.  F.  etc.)  are  lost  and  the  substance  may  undergo  an  oxidation 
(FeO  is  changed  to  Fe,0,.  PbS  to  PbSO^.  etc.).  In  such  cases 
the  procedure  recommended  by  Jannasch  can  be  used  to  advan- 
tage. The  substance  is  heated  with  lead  oxide,  the  water  vapor 
conducted  over  a  heated  mixture  of  lead  oxide  and  lead  peroxide 
and  absorbed  in  a  weighed  calcium  chloride  tube  (see  p.  383). 

If  the  substance  on  ignition  loses  simply  water  and  carbon 
dioxide  the  former  may  be  accurately  determined  by  the  method 
"*  n,...gii  and  Penfield.g  The  substance  is  introduced  by  means 
ig  f<mnel  into  a  bulb  blown  on  the  end  of  a  narrow  tube  made 
cultly-fusible  glass,  and  the  tube  is  provided  with  a  second 
bout  2  or  3  em.  from  the  end  one.  The  open  end  of  the 
connected  by  means  of  a  short  piece  of  rubber  tubing  with 

em.  ZtR.  1S98.  p.  fil2. 

itschr,  fur  anal  Chemie  fl8!>7).  XXXVl,  p.  27. 
members  of  the  hydrogen  sulphide  group  are  usually  present,  it  i< 
le  to  first  remove  them  and  to  effect  the  precipitation  of  the  rare 
rith  ammonium  oxalate  from  the  slightly  acid  filtrate  from  the  hydro- 
>hide  precipitate. 

ner.   Joiim.   Sci.   [3],  XLVUI   (1894),  p.   31,  and  Zeit.  fiir  anorg. 
VII  (1894).  p.  22 
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a  short  tube  drawn  out  into  a  capillary,  and  the  substance  is  heated 
in  the  flame  of  a  good  Teclu  burner.  The  water  is  expeGed  and 
condenses  in  the  colder  portion  of  the  tube,  and  as  a  precaution, 
the  latter  is  enveloped  in  moist  blotting-paper.  As  soon  as  no  more 
water  can  be  expeUed,  the  end  of  the  tube  is  heated  until  it  softens 
and  the  tube  is  drawn  out  between  the  two  bulbs.  The  front  end 
of  the'tube  now  contains  the  water  in  the  presence  of  a  little  carbon 
dioxide,  and  the  latter  must  be  removed.  For  this  purpose  the 
tube  is  inclined  at  an  angle  of  40®,  so  that  the  heavier  carbon  dioxide 
will  run  out  of  it.  The  weight  of  the  tube  slowly  diminishes, 
but  at  the  end  of  about  three  hours  it  becomes  constant,  losing 
about  0.0003  gm.  per  hour,  due  to  the  evaporation  of  water.  If, 
therefore,  the  tube  is  allowed  to  stand  three  hours  before  weighing, 
0.0009  gm.  must  be  added  to  the  weight  of  the  water.  If  the 
substance  contained  a  large  amount  of  carbonate,  the  escaping 
carbon  dioxide  will  carry  aqueous  vapor  with  it,  so  that  a  further 
correction  must  be  made.  One  gram  of  OO2  at  an  average  baro- 
metric pressure  (760  mm.)  and  temperature  (20°  C.)  will  cause 
a  loss  of  0.0096  gm.  water  vapor.  If  the  amount  of  carbon  dioxide 
present  is  known,  it  is,  therefore,  only  necessary  to  multiply  its 
weight  by  0.0096  to  obtain  the  amount  of  water  that  would  other- 
wise escape  the  determination. 


PART  II. 

VOLUMETRIC  ANALYSIS. 


A  GRAVIMETRIC  analysis  is  accomplished  by  adding  to  the  solu- 
tion of  the  substance  to  be  analyzed  a  reagent  of  only  approxi- 
mately-known strength,  separating  one  of  the  products  of  the  reac- 
tion from  the  solution  and  weighing  it.  On  the  other  hand,  a 
volumetric  analysis  is  made  by  causing  the  reaction  to  take 
place  by  means  of  a  measured  amount  of  a  solution  of  accurately- 
known  strength  and  computing  the  amount  of  substance  present 
by  the  volume  of  the  solution  which  reacts  with  it  (cf.  p.  2). 
For  the  latter  sort  of  analysis  accurately-calibrated  measuring 
instruments  are  necessary,  as  will  be  briefly  described. 

Measuring  Instruments. 

1.  Bvrettes  are  tubes  of  uniform  bore  throughout  the  whole  length  ; 
they  are  divided  into  cubic  centimeters  and  are  closed  at  the  bottom, 
as  shown  in  Fig.  66.  by  means  of  a  glass  stop-cock  or  with  a  piece 
of  rubber  tubing  containing  a  glass  bead  h.  The  latter  form  was 
devised  by  Bunsen  and  is  used  as  follows:  The  tubing  is  seized 
between  the  thumb  and  forefinger  at  the  place  where  the  glass 
bead  is,  and  by  means  of  a  gentle  pressure  a  canal  is  formed  at 
one  side  of  the  bead  through  which  the  liquid  will  run  out.  Instead 
of  the  glass  bead  an  ordinary  pinch-cock  is  frequently  used. 

Besides  the  above  forms  of  burettes,  a  great  many  others  are 
in  use,  but  it  is  unnecessary  to  describe  them  here. 

2.  Pipettes. — ^A  distinction  must  be  made  between  a  "full*' 

pipette  and  a   ''measuring'!  one.    A  fvU  pipette  has  only  one 
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mark  upon  it,  and  serves  for  measuring  off  a  definite  amount  of 
liquid.  They  are  constructed  in  different  forms;  usually  they 
consist  of  a  glass  tube  with  a  cylindrical  widening  at  the  middle. 
The  lower  end  is  drawn  out,  leaving  an  opening  about  \-i  mm. 


Fig.  66. 

wide.  Pipettes  of  this  nature  are  constructed  which  will  hold 
respectively  5,  10,  20,  25,  50,  100,  and  200  c.c. 

Measuring  'pipettes  are  burette-shaped  tubes  graduated  into 
cubic  centimeters  and  drawn  out  at  the  lower  end  as  before.  They 
serve  to  measure  out  any  desired  amount  of  liquid  and  are  obtained 
with  a  total  capacity  of  1,  5,  10,  20,  25,  and  50  cc. 

3.  Measuring- flasks  are  flat-bottomed  flasks  with  narrow 
necks  provided  with  a  mark,  so  that  when  they  are  filled  to  this 
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point  they  will  contain  respectively  50,  100,  200,  250,  300,  500, 
1000,  and  2000  c,c.  They  serve  for  the  preparation  of  standard 
solutions  and  for  the  dilution  of  liquids  to  a  definite  volume. 

4.  Measuring-cylinders  are  graduated  into  cubic  centimeters 
and  are  used  only  for  rough  measurements. 

It  is  clear  that  acciu*ate  results  can  be  obtained  by  a  volu- 
metric analysis  only  when  the  instruments  used  are  accurately 
calibrated.  It  should  never  be  taken  for  granted  that  a  pur- 
chased instrument  is  correct,  but  it  should  always  be  carefully 
tested.  In  the  case  of  measuring-flasks  and  "full"  pipettes,  it 
is  best  for  each  one  to  etch  for  himself  the  position  on  the  flask 
or  tube  up  to  which  they  should  be  filled  with  liquid. 

Calibration  of  Measuring-flasks. 

(a)  The  Liter  Flask, 

A  flask  is  chosen  with  a  long  cylindrical  neck  about  15-20 
nmi.  in  diameter;  it  is  cleaned,  carefully  dried,  and  accurately 
tared  upon  a  balance  accurate  to  decigrams.  A  1  kg.  weight  is 
placed  upon  the  other  arm  of  the  balance,  and  equilibrium  is 
restored  by  adding  distilled  water  at  17°.5  C.  to  the  flask.  Care 
is  taken  that  no  drops  of  water  are  left  suspended  from  the  sides 
of  the  neck  above  the  water-level;  if  any  are  present,  they  are 
removed  by  touching  with  a  piece  of  filter-paper  wrapped  around 
the  end  of  a  glass  rod.  An  exact  equilibrium  is  finally  estab- 
lished by  adding  or  removing  a  little  water  by  means  of  a  capil- 
lary tube.  The  flask  is  then  placed  upon  a  level  surface  and  a 
piece  of  gummed  paper  with  a  straight  edge  is  fastened  around 
the  neck  of  the  flask  so  that  its  upper  edge  is  just  tangent  to  the 
deepest  point  of  the  water  meniscus.  The  flask  is  now  emptied, 
dried,  its  neck  covered  \vith  a  uniform  layer  of  beeswax,  and 
allowed  to  cool;  this  usually  requires  about  fifteen  minutes.  The 
flask  is  then  held,  as  is  shown  in  Fig.  67,  against  the  piece  of 
wood  s,  the  blade  of  a  pocket-knife  is  placed  firmly  again  X  the 
upper  edge  of  the  thick  paper  ring,  and  the  flask  is  revolved 
through  360*^  around  its  horizontal  axis;  in  this  way  a  circle  v» 
cut  in  the  wax  layer.  By  means  of  a  feather  (Fig.  6,  p.  20)  a 
drop  of  hydrofluoric  acid  is  placed  along  this  circle  while  the 
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flask  is  held  in  the  horizontal  position.  By  turning  the  flask 
around  its  axis,  the  drop  of  hydrofluoric  acid  is  allowed  to  act 
upon  the  glass  where  the  wax  coating  has  been  cut.  At  the  end 
of  two  minut«3  the  excess  of  hydrofluoric  acid  is  washed  off,  the 
neck  of  the  flask  dried  by  means  of  filter-paper  and  heated  until 
the  wax  melts,  when  the  latter  can  be  readily  wiped  off.  The  last 
traces  of  wax  are  removed  by  rubbing  with  a  cloth  wet  with 
alcohol.    As  it  is  possible  that  the  etched  circle  will  not  exactly 


Fio.  67. 

coincide  with  the  upper  edge  of  the  paper,  the  flask  is  filled  three 
times  with  water  at  17° .5  C.  up  to  this  mark  and  the  mean  of  the 
three  weights  obtained  is  taken  for  the  correct  value.  For  an 
accuracy  of  0.1  per  cent,  it  is  only  necessary  to  express  its  volume 
to  the  nearest  cubic  centimeter. 

Calibration  of  Pipettes.* 
It  is  best  to  have  pipettes  prepared  by  the  glass-blower  and 
to  etch  them  for  one's  self .  First  of  all,  the  pipette  must  be  scrupu- 
lously clean;  no  trace  of  fat  should  be  left  on  the  inner  sides  of 
the  tube,  for  it  will  cause  drops  of  moisture  to  adhere  and  escape 
measurement.  The  pipette  is,  therefore,  cleaned  by  placing  it  in 
a  tall  beaker  containing  a  little  concentrated  sodium  hydroxide 
solution  and  the  latter  is  drawn  to  the  top  of  the  pipette 
by  sucking  through  a  rubber  tube   fastened  to  its  upper   end 

*  For  another  method  of  c&Iibrsting  pipettes,  see  Williams,  Joum.  Am. 
Chem.  Soc.,44,  246. 
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and  which  is  provided  with  a  pinch-cock.  The  solution  is  allowed 
to  remain  in  the  pipette  for  from  three  to  five  minutes. 

The  alkali  is  then  allowed  to  run  out,  the  pipette  washed  with 
water  and  filled  with  a  warm  solution  of  chromic  acid  in  concen- 
trated sulphiu-ic  acid.*  This  is  allowed  to  remain  from  five  to 
ten  minutes  in  the  pipette  and  is  then  removed,  the  tube  washed 
first  with  water  from  the  tap  and  finally  with  distilled  water. 

The  pipette  is  now  clean  and  ready  to  be  calibrated.  A  long 
strip  of  paper  is  fastened  upon  the  upper  part  of  the  tube,  the 
lower  end  is  closed  with  the  finger,  and  the  pipette  is  filled  with 
water  from  another  of  the  same  size.  The  position  of  the  bottom  of 
the  meniscus  is  noted  with  a  lead-pencil  upon  the  paper  which  was 
fastened  to  the  side  of  the  pipette.  A  glass-stoppered  flask  is  now 
accurately  tared  upon  a  balance,  the  pipette  is  filled  exactly  to 
the  lead-pencil  mark  with  distiUed  water  at  17°.5  C.,t  and  its  con- 
tents are  allowed  to  flow  into  the  tared  flask,  touching  the  end 
of  the  pipette  against  the  side  of  the  flask.  The  pipette  is  emptied 
(see  below),  the  flask  closed  and  weighed.  If  the  weighing  shows 
a  volume  a  little  too  large  or  too  small,  a  second  mark  is  made 
upon  the  paper  below  or  above  the  first  one,  and  in  this  way  the 
process  is  repeated  until  finally  the  weight  of  the  liquid  which 
will  drain  from  the  pipette  corresponds  exactly  with  the  volume 
desired.  The  strip  of  paper  is  then  cut  off  at  exactly  the  correct 
mark,  a  strip  of  gummed  paper  is  placed  round  the  pipette  at  this 
point,  and,  after  the  gum  has  dried,  it  is  covered  with  a  layer  of 
beeswax  and  etched  with  hydrofluoric  acid  as  described  on  p.  415. 
After  the  mark  has  been  etched  upon  the  pipette,  it  is  filled  with 
water  up  to  this  mark  and  emptied  into  the  tared  flask.  This  opera- 
tion is  repeated  three  times  and  the  mean  value  is  taken  as  correct. 

Pipettes  may  be  emptied  in  several  ways: 

1.  By  allowing  the  contents  to  run  out  freely,  i.e.  the  liquid 
is  allowed  to  run  out  without  touching  the  end  of  the  pipette  to 

*  A  solution  of  potassium  dichromate  in  concentrated  sulphuric  acid 
can  be  used. 

t  Instead  of  calibrating  the  measuring  instruments  with  reference  to  the 
Mohr  liter,  it  is  better  in  many  cases  to  use  the  true  cubic  centimeter  as  the 
unit.  Cf.  W.  Schloesser,  Zeit.  f.  angew.  Chem.  1903,  pp.  953,  977,  and 
1004.     See  foot-note  to  p.  420. 
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the  sides  of  the  vessel.    A  drop  of  .the  liquid  will  then  always 
remain  in  the  pipette. 

2.  By  blowing.  The  contents  of  the  pipette  are  allowed  to 
run  out  freely  as  before,  but  this  time  the  last  drop  is  removed 
by  lightly  blowing  while  the  end  of  the  pipette 
touches  the  side  of  the  vessel. 

3.  By  touching.  The  solution  is  allowed  to 
run  out  freely,  and  at  the  end  the  point  of  the 
pipette  is  touched  against  the  side  of  the  vessel 
into  which  the  liquid  is  being  delivered;  or  the 
point  of  the  pipette  is  held  against  the  side  of  the 
vessel  from  the  beginning  to  the  end  of  the  opera- 
tion; or  finaUy  the  solution  is  allowed  to  run 
out  freely  and  at  the  last  the  point  of  the  pipette 
is  touched  to  the  surface  of  the  solution.  The 
last  method  is  only  allowable  when  the  glass  which 
is  to  receive  the  liquid  is  dry. 

Of  these  different  methods  for  empt3ring  a 
pipette,  the  third  one  is  the  best.  In  all  cases, 
however,  the  same  method  must  be  used  in  after 
work  which  was  used  in  the  calibration.* 

Calibration  of  Burettes. 

The  most  convenient  method  for  calibrating 
a  burette  is  that  proposed  by  Ostwald.f  The 
apparatus  necessary  is  shown  in  Fig.  68.  After 
the  burette  and  small  pipette  have  been  cleaned 
with  concentrated  sodium  hydroxide  solution  and 
subsequently  with  sulphuric  and  chromic  acids  it 
is  placed  near  a  balance,  filled  with  water  at 
17^.5  C.,t  and  by  pressing  the  rubber  tube  at  a, 
the  little  pipette  (with  a  capacity  of  about  5  c.c.)  is  filled 
to  the  mark  m.    h  is  then  opened  and  the  water  allowed  to  run 


♦  Cf.  Report  of  the  Committee  for  Co-Operation  with  the  National  Bureau 
of  Standards.     J.  Am.  Chem.  Soc.  26,  Proceedings  p.  21. 

tOstwald,  Hand-  und  Hilfsbuch  zur  Ausfiihrung  von  physiko-chem. 
Messengen,  1895,  p.  103. 

}  Cf.     Foot-note  on  page  416. 
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out  into  a  tared  flask  until  the  mark  n  is  reached;  after  it  has  been 
allowed  t-o  drain  one  minute,  the  pipette  is  again  emptied  to  n,  and 
the  contents  of  the  flask  weighed.  This  operation  is  repeated  at 
least  three  times,  and  the  mean  of  the  three  weights  is  taken  as 
representing  the  true  volume  of  the  liquid  between  the  two  marks. 
With  this  pipette  any  number  of  burettes  may  be  calibrated. 

For  this  purpose  water  is  poured  into  the  burette  and  by 
opening  a  the  pipette  is  filled  exactly  to  the  lower  mark  n;  the 
burette  is  then  filled  with  water  up  to  the  zero-point.  The 
temperature  of  the  water  is  now  a  matter  of  indiflFerence,  except 
that  it  must  remain  constant  during  the  experiment.  By  opening 
a  the  water  is  allowed  to  run  into  the  pipette  until  the  upper  mark 
m  is  just  reached,  a  is  closed,  and  the  water  is  allowed  to  run  out 
through  h  until  the  lower  mark  n  is  reached.  The  pipette  is  allowed 
to  drain  one  minute  and  is  again  emptied  to  n,  after  which  the 
position  of  the  water  in  the  burette  is  read.  It  is  evident  that  if  the 
burette  is  correctly  divided,  the  volume  read  will  be  equal  to  the 
capacity  of  the  small  pipette.  If  this  is  not  the  case,  the  burette 
reading  must  be  corrected  to  make  it  so.  In  this  way  the  contents 
of  the  entire  tube  are  measured  off,  the  experiment  is  repeated  a 
second  time,  and  the  mean  of  the  values  found  is  accurate. 

To  illustrate,  the  results  of  such  a  calibration  will  be  given. 
In  this  case  the  small  pipette  had  a  volume  of  4.371  c.c. 


Reading  No. 

Burette 

Readings , 

Series!. 

Burette 
Readings. 
Series  11. 

Mean. 

Difference. 

Total  Correc- 
tion to  be 
Made  to 
Readings. 

1 

0.00 

0.00 

0.00 

2 

4.37 

4.37 

4.37 

4.37 

0.00 

3 

8.72 

8.72 

8.72 

4.35 

+  0.02 

4 

13.08 

13.08 

13.08 

4.36 

-fO.03 

5 

17.46 

17.47 

17.47 

4.39 

4-0.01 

6 

21.81 

21.83 

21.82 

4.35 

4-0.03 

7 

26.18 

26.20 

26.19 

4.37 

+  0.03 

8 

30.57 

30.69 

30.58 

4.39 

+0.01 

9 

34.91 

34.93 

34.92 

4.34 

+  0.04 

10 

39.30 

39.30 

39.30 

4.38 

+0.03 

11 

43.64 

43.65 

43.65 

4.35 

+  0.05 

12 

48.01 

48.02 

48.02 

4.37 

+  0.05 

From  the  above  table  a  curve  may  be  plotted  with  the  burette 
readings  as  abscissae  and  the  total  corrections  as  ordinates.    From 
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this  plot  the  apparent  burette  reading  can  t>e  corrected  at  a  glance 
and  its  true  value  obtained. 

Method  of  Reading  Burettes. 

In  order  to  avoid  a  parallax  error  in  reading  burettes,  floats 
are  used  as  shown  in  Fig.  69,  a  and  b;   the  former  represents  that 
of  Beuttel  and    the    latter   that    of  Rey. 
Around  the  bulb  of  a  a  circle   is   etched, 
and  if  the  eye  is  in  the  correct  position,  it 
appears  to  the  observer  as  a  straight  line. 
The  liquid  in  the  burette  is  at  the  zero-mark, 
when  the  projection  line  from  the  circle  on 
the  float  exactly  coincides  with  the  line  at 
the  zero-point  on  the  burette.     In  the  case 
of   dark-colored  liquids  it  is  difficult  to  s 
the  circle  in   the  case  of  the  float  a,  but 
this    difficulty    is    overcome  in    b    by  the 
circle  being  etched  upon  the  upper  bulb  (in 
the  figure  the   latter  is  drawn  too  small). 
Such  floats  are  weighted  so  that  the  upper 
bulb  rises   above  the  level  of  the  liquid  in  the  burette,  it  is, 
therefore,  easier  to  make  a  reading  with  the  float  devised  bj'  Rey 
than  with  that  of  Beuttel.     In  refilling  the  burette,  the  former  float 
assumes  an  inclined   position;   it   must,  therefore,    be   removed, 
dried  off,  and  again  carefully  introduced  into  the  liquid.* 

Shellbach  has  invented  another  method  of  avoiding  the  parallax 
error,  by  providing  the  back  of  the  burette  with  a  dark  vertical 
line  upon  a  background  of  milky  glass  as  is  shown  in  Fig.  70. 
When  the  eye  is  in  the  correct  position,  this  dark  line  is  apparently 
drawn  out  into  two  points  as  shown  in  the  flgure;  these  points 
coincide  with  the  lower  meniscus  of  the  liquid,  so  that  the  reading 
is  taken  there. 

The  error  in  reading  when  a  float  is  used  amounts  in  an  ordinary 
5ft-c.c.  burette  to  not  more  than  0.01  to  0.02  c.c. 

♦  This  difficulty  ia  oveieome  bv  ENethelm  by  placing  below  the  large 
bulb  a  second  'flattened-out  bulb,  and  in  this  ca$e  the  Doal  will  not 
att&ch  itself  to  the  sides  of  the  burette,  eo  that  it  is  not  necessary  to  removs 
it  ID  refilling  the  burette. 
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The  Drawing  of  Burettes. 

Before  making  a  reading  it  is  necessary  to  wait  for  the  burette 
to  drain  completely,  i.e.  until  the  meniscus  ceases  to  rise  further 
in  the  tube;  or,  better,  as  proposed  by  Wagner  *  to  regulate  the 
flow  of  the  liquid  from  the  burette  so  that  practically  no  liquid 
remains  adhering  to  the  sides. 

Normal  Volume  and  Temperaiure. 

In  calibrating  burettes  it  will  be  noticed  that  water  at  17^.5  C. 
was  used  and  it  was  assumed  that  1  kilogram  of  water  at  this 
temperature  occupied  a  volume  of  exactly  1000  c.c.  This  is  of 
course  not  quite  correct,  for  in  reality  a  hter  is  the  volume  occu- 
pied by  1  kilogram  of  water  at  4°  C.  and  weighed  in  a  vacuum. 
For  most  analytical  purposes,!  however,  it  makes  no  difference 
whether  the  liter  flask  holds  exactly  one  liter  oi  not,  but  it  is  im- 
portant that  all  the  different  measuring  instruments  should  stand 
in  the  correct  relation  to  one  another.  In  othei  words,  the  liter 
flask  must  contain  exactly  ten  times  as  much  as  the  lOQ-c.c. 
flask,  and  exactly  twenty  times  as  much  as  the  50-c.c.  flask, 
burette,  pipette,  etc 

The  volume  of  water  which  at  17®.5  C.  weighs  1  kg.  in  the  air 
with  brass  weights  is  called  the  Mohr  liter. 

What  relation  does  the  Mohr  liter  bear  to  the  true  liter?  On 
weighing  1  kg.  of  water  at  17°.5  C.  in  the  air  with  brass  weights, 
both  lose  weight  equal  to  that  of  the  displaced  air.  Now  1  c.c. 
of  air  at  17°.5  C.  and  760  mm.  pressure  weighs  0.001213  gm.,  so 
that  the  water,  whose  volume  is  practically  1000  c.c,  when  weighed 
in  air  is  1000X0.001213=1.213  gms.  lighter  than  when  weighed 
in  vacuo.    On  the  other  hand,  the  kilogram  of  brass,  whose 

1000 
density  is  8.4,  occupies  a  voliune  of  -^-^=119  c.c.  and  accord- 
ingly weighs   119X0.001213  =  0.144  gm.  less  in  the  air  than  in 
vacuo.     It  is,  therefore,  evident  that  the  amount  of  water  which 


*  Habilitationsschrift,  Leipzig,  1898,  p.  33. 

t  For  gasometric  purposes  the  measuring  apparatus  should  be  cali- 
brated in  true  cubic  centimeters.  By  multiplying  the  reading  by  1.0023 
the  Mohr  cubic  centimeter  will  be  changed  to  the  former.  See  also  W. 
Schloesser,  Zeit.  f.  angew.  Chem.,  1903,  pp.  953,  977,  and  1004. 
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weighs  1000  gms.  in  the  air  with  brass  weights  at  17°.5  C.  would 
weigh  1000+1.213-0.144=1001.1  gms.  in  vacuum. 

Further,  as  the  density  of  water  at  17*^.5  C.  is  0.99875,  it  is 
clear  that  998.75  gms.  of  water  at  this  temperature  would  correspond 
to  the  true  liter;  that  is,  it  would  occupy  the  same  volume  as  1000 
gms.  of  water  at  +4°  C.    It  foUows  from  this: 

998.75:1000  =  1001.1:0;. 

x=1002.3c.c.at +4°C. 
1  Mohr  liter=  1002.3  true  cubic  centimeters. 
1  true  liter  =  997.7  Mohr  cubic  centimeters. 

If  it  is  desired  to  etch  upon  the  measuring  instruments  the 
capacity  in  true  liters,  it  is  best  to  proceed  as  follows:  Upon  the 
left-hand  pan  of  the  balance,  weights  are  placed  amounting  to 
the  loss  in  weight  on  account  of  weighing  in  air,  together  with 
the  flask  to  be  calibrated,  and  then  enough  water  is  added  to 
counterbalance  the  brass  weights  on  the  other  scale-pan. 

Upon  the  left-hand  pan  there  would  be  placed: 

For  1     liter,  2.3    gms. 
'*    0.50  ''      1.15    '' 
"    0.25  "      0.575  '' 
''    0.20  '*      0.46    '' 
"    0.10  ''      0.23    '' 

The  "Normalaichungscommission"  of  Berlin  take  15°  C.  for 
the  "normal'*  temperature,  while  Wagner  recommends  20°  C. 

According  to  the  author's  opinion,  the  temperature  of  15°  C. 
is  unsuited  for  the  calibration  of  instruments,  because  the  space 
in  which  thie  weighings  are  made  is  almost  always  at  a  higher 
temperature,  so  that  if  a  flask  is  filled  with  water  at  15°  C,  some 
moisture  will  condense  on  the  outside  of  the  flask  and  this  will 
render  an  accurate  weighing  impossible.  The  temperature  of 
the  laboratory  is  unually  in  the  neighborhood  of  17-18° C,  so  that, 
except  on  a  hot  summer's  day,  this  condensation  will  not  take 
place  if  the  water  in  the  flask  is  at  the  same  temperature.  The 
author  believes,  however,  that  on  the  whole  it  would  be  best  to 
calibrate  all  measuring  instruments  in  true  cubic  centimeters. 
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Allowable  Error  in  Measuring  Apparatus. 

According  to  the  ''Normakdchungscommission''  the  follow- 
ing errors  are  permissible: 

1.    PIPETTES. 

Containiiig 1  2  10  20  25        50     lOOcc 

Anerrorof 0.01      0.01      0.02      0.03      0.03      0.5   O.lcc. 

Corresponding  to 1.0        0.5        0.2        0.15      0.12      0.1    0.1  %. 

2.    FLASKS  CAUBRATED  FOR  CAPACITT. 

Containing 50  100  200  500  1000  2000c.c 

Anerrorof 0.05  0.1  0.1  0.15  0.3  0.5c.c. 

Amountingto..  0.1  0.1  0.05  0.03  0.03  0.025  % 

It  is  possible  to  obtain  a  greater  accuracy  in  the  case  of  pipettes. 
Thus  the  following  results  were  obtained  by  the  author: 

50  c.c.  No.  1  ==  49.9904, 49.9910, 49.9926  gms.        Mean = 49.9913. 

/♦=0.002^,F  ♦=0.001%. 
50  c.c.  No.  2 = 50.0176,  50.0203.  Mean = 50.0189. 

/=0.004  %,  F=0.003  %. 
50  c.c.  No.  3=49.9933,  49.9866,  49.9926.  Mean =49.9909. 

/=0.007  %,  F=0.004  %. 
20  c.c.  No.  4=20.0059,  20.0068,  20.0055.  Mean =20.0061. 

/=0.003  %,  F=0.002  %. 
20  c.c.  No.  5=20.0100,  20.0100,  20.0129.  Mean =20.0109. 

/=0.008%,F=0.004%. 

And  in  the  same  way: 

10-c.c.   Pipette:  /=0.008%,F= 0.004. 
5^.c.         ''         /=0.011  ^o  ^=0.006. 

♦  By  /  is  understood  the  average  error  of  the  single  determination.     It 


ts  computed  by  the  formula  /=  ±^ '  _^ —^  (cf.  Kohlrausch: 

Leitfaden  der  prakt  Physik.).  in  which  n  represents  the  number  of  deter- 
minations made,  and  d,  d„  d^.  .  .  represent  the  deviation  of  each  from  the 
arithmetrical  mean  and  I  (d- -i~ d^- -^ d^"^  + , .  J)  the  sum  of  the  squares  of 

llid^-^d.^-^d^^-\-,..)        ,  ...  ,    . , 

the  errors.    F=  ±     I — rr and  represents  the  probable  error 

^  n(n— 1) 

of  the  mean. 


ti 
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'  Normal  Solutions. 

By  a  normal  solution  is  understood  one  which  contains  one 
gram-equivalent"  of  the  active  reagent  dissolved  in  one  liter  of 
solution.  By  "  gram-equivalent "  is  meant  the  amount  of  substance 
corresponding  to  one  gram-atom  (1.01  gms.)  of  hydrogen.  For 
convenience  in  computation  the  concentration  of  solutions  used 
for  volumetric  purposes  are  expressed  in  terms  of  their  normal- 
ity; i.e.,  a  solution  is  2  normal,  i  normal,  j*^  normal,  etc.  The 
letter  N  is  used  as  an  abbreviation  for  normal, 

A  normal  solution  of  the  following  substances  will  contain 
dissolved  in  1000  c.c: 

Hydrochloric  acid,  1  gm.-mol.  HC1= 36.46  gms.  =  l  gm.-atom  H. 
Nitric  acid  (as  an  acid),  1  gm.-mol.  HNOs  =  63.05  gms.  =  1  gm.- 
atom  H. 

98  08 

Sulphuric  acid,  i  gm.-mol.  H2S04=— ^=49.04  gms.  =  l  gm.- 
atom  H. 

Potassium  hydroxide,  1  gm.-mol.  KOH  =  56.16  gms.  =  1  gm.- 
atom  H. 

Sodium  carbonate,    i  gm.-mol.  Na3C08  =  —^  =53.05  gms.=»l 

gm.-atom  H. 
Silver  nitrate,  1  gm.-mol.  AgN08=  169.97  g^s.  =  1  gm.-atom  H. 

How  much  potassium  permanganate  or  potassium  dichromate 
must  be  dissolved  in  1  liter  of  solution  to  obtain  a  normal  solu- 
tion of  each  salt  for  oxidation  purposes? 

First  the  oxidation  equations  must  be  written: 

1.  In  acid  solutions  potassium  permanganate  is  reduced  to 
salts  of  potassiimn  and  manganous  oxides  with  loss  of  oxygen; 
the  latter  is  taken  up  by  the  substance  oxidized: 

2KMnO .  =  K,0 + 2MnO + 50. 

Two  gram-molecules  of  KMn04,  therefore,  correspond  to  5  gm. 

atoms  of  oxygen,  or  10  gm.-atoms  of  hydrogen.     For  the  normal 

158  15 
solution  \  molecular  weight  in  grams  of  KMnO^,   — ^ — =31.63 

gms.,  should  be  dissolved  in  1  liter. 
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2.  Potassium  dichromate  is  reduced  to  salts  of  potassium 
and  chromic  oxides:  . 

K,CrA=K,0+CrA+30. 

One  gram-molecule  of  KjCfjO,  loses  3  gm. -atoms  of  oxygen, 
corresponding  to  6  gm.-atoms  of  hydrogen.  One  liter  of  normal 
solution   will  contain  ^  molecular  weight  in  grams  of  KjCfjOj, 

?^  =  49.08  gms.* 

If,  however,  the  potassium  dichromate  is  not  used  as  an  oxi- 
dizing agent,  but  as  a  precipitant,  e.g.  for  the  precipitation  of 
barium  as  barium  chromate,  the  case  is  different: 

KjCr,0,+  2BaCl,-l-  2NaCyi,0j= 

=2KC1+  2NaCH-  2HCH,0,-|-  2BaCrO,. 

One  gram-molecule  of  K,Cr,Oj,  therefore,  precipitates  2  gm.- 
atoms  cif  barium,  and  this  corresponds  to  4  gm.-atoms  of  hydrogen, 
so  that  i  gm. -molecule  of  K,Cr,0,  will  now  be  sufficient  to  make  1 


It  is  evident,  then,  that  the  amount  of  substance  necessary  to 
make  a  normal  solution  depends  upon  the  purpose  for  which  it 
is  to  be  used.  In  preparing  a  normal  solution  the  required  amount 
of  substance  must  be  diluted  with  water  at  the  normal  tempera- 
ture, and  in  the  subsequent  work  with  these  solutions,  to  obtain 
the  greatest  accuracy,  the  readings  should  be  reduceti  to  this  tem- 
perature. This  reduction  is  made  by  noting  the  temperature  of 
the  solution  at  the  time  of  the  analysis  and  multiplying  the  amount 
used  by  the  corresponding  factor  taken  from  a  table  such  as  the 
following: 

*  The  same  results  will  be  obtained  by  considering  the  rliange  oF  \'alence 

which  the  manganese  and  chromium  undergo  on   reduction.     The   fonner 

is  reduced  (in  acid  solutions)  from  a  valence  of  seven  to  a  valence  of  ta-o, 

cotreeponding  to  five  atoms  of  hydrogen.     In  the  dichromate,  eacli  of  the 

two  atoms  of  chromium   is  changed  from  a  valence  of  six  to  a  valence  of 

uivalent  to  wx  atoms  of  hydrogen.     Consequently  from  this  point 

it  is  evident  that  i  of  the   molecular  weight  of  permanganate  and 

loteoular  weight  of  bichromate  must  be  used  to  prepare  one  liter 

1  solution.— {TraneUtor.] 
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TABLE  FOR  THE  REDUCTION  OF  THE  VOLUME  OF  A  —-•  SOLUTION  TO  THE 

NORMAL  TEMPERATURE. 


Temperature. 

Correction  Factor. 

Temperature. 

Correction  Factor. 

5 

1.00124 
1.00122 
1.00118 
1.00114 
1.00107 
1.00101 
1.00091 
1.00080 
1.00068 
1.00054 
1.00038 

16 

1.00024 

6 

17 

1.00008 

7 

17.5 

1.00000 

8 

18 

0.99992 

Q 

19 

0.99975 

10 

20 

0.99955 

11 

21 

0.99935 

12 

22 

0.99914 

13 

23 

0.99893 

14 

24 

0.99870 

15 

25 

0.99847 

N 
If,  for  example,  20  c.c.  of  a—  solution  at  25°  C.  were  used  for 

an  analysis,  this  volume  at  the  normal  temperature  would  be 

20  X  0 .  99847  =  19 .  9694  =  19 .  97  c.c. 

N 
The  above  table  can  only  be  used  for  —  solutions.    The  following 

table  shows  the  expansion  of  1  liter  of  different  liquids  when  warmed 
from  15  to  25°  C.     The  observations  were  made  by  A.  Schultz.* 

EXPANSION  OP    1000  c.c.    OF   SALT  SOLUTION    FROM    15-25°  C. 

Water 2.05t  c.c. 

^  KMnO, solution 2.13 


tt 


fo  ^sN^» 

(< 

fo  N*^^  * 

it 

N  NaCl§ 
N   HCl 

tt 
tt 

N  HAO« 
N   Na,CO, 
N  HjSO« 
N  HNO, 

tt 
it 
it 
tt 

N   NaOH 

it 

2.16 


2.06 


tt 


tt 


2.12 

2.42 

2.62 

3.03 

3.05 

3.07 

3.15 

♦  Zeit.  f.  anal.  Chem..  21,  167. 

t  Computed  from  tables  of  Thiesen,  Scheel,  and  Marek. 

%  This  solution  was  not  tenth-normal,  but  contained  enough  chloride 
in  1  liter  to  precipitate  1  gm.  of  silver  (slightly  less  than  tenth-normal). 

§  This  solution  contained  enough  chloride  per  liter  to  precipitate  10  gmSb 
of  silver  (a  little  less  than  normal). 
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Subdivisions  op  Volumetric  Analysis. 

I.    Acidimetry  and  Alkalimetry. 
II.    Oxidation  and  Reduction  Processes. 
III.    Precipitation  Processes. 

I.  ACIDIMETRY  AND  ALKALIMETRY. 

This  covers  the  analysis  of  acids  and  bases.  In  order  to  deter- 
mine the  amount  of  acid  present,  an  alkaline  solution  of  known 
strength  is  required;  and  conversely,  in  the  analysis  of  a  base, 
an  acid  solution  is  required.  In  both  cases  the  '* end-point '*  of 
the  reaction  is  determined  with  the  help  of  a  suitable  indicator. 
The  accuracy  of  the  result  depends  largely  upon  the  choice  of 
the  indicator,  so  that  at  this  place  a  few  words  will  be  said  with 
regard  to  the  indicators  most  frequently  used  for  detecting  the 
presence  of  acids  or  alkalies. 

Indicators. 

The  indicators  used  in  acidimetry  and  alkalimetry  are  for  the 
most  part  dyestufifs  consisting  of  a  weak  acid ;  in  a  few  rare  cases 
the  indicators  are  weak  bases.  According  to  Ostwald,*  in  order 
that  an  electrolyte  may  play  the  part  of  an  indicator  it  must 
possess  a  different  col6r  when  in  an  undissociated,  electrically- 
neutral  condition  than  when  present  in  the  form  of  ions,  and  an 
indicator  is  sensitive  in  proportion  as  this  change  is  of  a  pro- 
nounced nature  and  the  slighter  the  extent  of  its  dissociation,  f 

Thus  phenolphthalein  (PH)  is  a  very  weak  acid,  and  its  solu- 
tion in  aqueous  alcohol  is  dissociated  to  only  a  limited  extent 
according  to  the  equation 

PH?=±P+H; 

the  electrically  neutral  molecule  (PH)  is  colorless,  whereas  the 
anion  P  is  red.  The  aqueous  solution  of  phenolphthalein  is  col- 
orless because  there  are  not  an  appreciable  amount  of  the  anions 
present.     If,  now,  we  added  to  the  solution  containing  the  phenol- 

*  Lehrbuch  der  allgemeinen  Chemie. 

t  It  is  probable  that  Ostwald's  explanation  of  the  change  of  color  in  indi- 
cators is  not  wholly  correct.  On  the  other  hand,  his  conclusions  with  regard 
to  their  sensitiveness  seems  to  be  right.  Cf.  Stieglitz,  J.  Am.  Chem.  Soc, 
26, 1 12.— {Translator]. 


INDICATORS.  427 

phthalein  a  trace  of  a  strong  base,  such  as  sodium  hydroxide, 
which  is  abnost  completely  dissociated  into  its  ions, 

NaOH?^Na+OH, 

the  hydroxyl  ions  from  the  base  will  unite  with  the  hydrogen 
ions  from  the  indicator,  the  equilibrium  as  shown  in  the  first 
equation  will  be  destroyed,  and  more  phenolphthalein  will  become 
dissociated,  and  this  will  go  on  until  enough  P  ions  are  present 
in  the  solution  to  give  the  red  color.  If,  on  the  other  hand,  a 
trace  of  acid  is  added  to  the  solution,  the  reaction  takes  place  in 
the  reverse  direction;  by  increasing  the  concentration  of  the 
hydrogen  ions,  the  dissociation  of  the  phenolphthalein  is  dimin- 
ished and  the  solution  again  becomes  colorless.  It  is  clear  that 
the  smaller  the  extent  of  dissociation  in  the  indicator,  the  less 
acid  or  base  will  be  necessary  to  produce  this  change  of  color 
and  the  more  sensitive  will  be  the  indicator. 

A  large  number  of  indicators  have  been  proposed  for  acidi- 
metric  and  alkalimetric  processes.  Here  only  methyl  orange, 
lacmoid,  litmus,  and  phenolphthalein  will  be  considered. 

I.  Methyl  Orange.'*' 

Under  methyl  orange,  Lunge,t  who  first  proposed  the  use  of  this 
indicator,  understood  either  the  free  sulphonic  acid  of  dimethyl- 
amido-azo-benzene  or  its  sodium  or  ammonium  salt. 

A.    THE    FRITE   SULPHONIOACID, 

NCCH,),— C,H,— N=N-<:JeH,— SO3H. 

In  the  free  state  this  substance  is  obtained  in  the  form  of 
reddish- violet  scales,  soluble  in  considerable  water.  If  the  solid 
is  dissolved  in  as  little  water  as  possible,  a  distinct  reddish-orange 
colored  solution  is  obtained;  but  on  the  further  addition  of  water 
this  color  gradually  changes  to  yellow.  If  a  trace  of  an  acid  is 
added  to  the  yellow  solution,  it  becomes  red  again  and  on  further 

*  This  dyestuff  is  known  commercially  as  helianthin,  orange  III,  tro- 
p&olin  D,  Poirrier's  orange  III,  dimethylaniline  orange,  mandarine  orange, 
and  gold  orange. 

t  Berichte,  II  (1878),  p.  1944;  Zeitschr.  f.  ch.  Industrie,  1881,  p.  348; 
Handbuch  fiir  Sodaindustrie,  I  (1879),  p.  62;  II  (1893),  p.  151. 


428  yOLUMETRIC  ANALYSIS, 

dilution  with  water  the  color  changes  to  orange  and  finally  to 
yellow  once  more,  if  too  much  acid  was  not  added.  This  color 
change  can  be  easily  explained. 

On  dissolving  the  free  sulphonic  acid,  to  which  for  the  sake 
of  simplicity  we  will  assign  the  formula  MH,  it  is  slightly  disso- 
ciated, according  to  the  mass-action  law,  as  shown  by  the  follow- 
ing equation, 

MH?:±M+H, 

into  negative,  intensely-yellow  colored  M  ions  and  into  colorless 
H  ions.  In  the  concentrated  solution,  however,  there  are  so 
few  of  the  yellow  ions  present  that  they  are  almost  without  influ- 
ence upon  the  color  of  the  red,  electrically-neutral  molecule.  On 
dilution,  the  dissociation  is  increased  so  that  soon  an  orange  color 
is  noticed,  and  by  still  further  dilution  the  dissociation  is  in- 
creased until  finally  the  yellow-colored  ions  preponderate.  If 
to  this  yellow  solution  a  mere  trace  of  a  strong  acid  is  added,  the 
concentration  of  the  hydrogen  ions  is  increased,  the  dissociation 
diminished,  and  the  red  color  of  the  undissociated  molecule  is  once 
more  in  evidence.  By  still  further  dilution,  however,  more  M  ions 
are  formed,  so  that  their  yellow  color  is  once  more  in  evidence.* 

If  it  is  desired  to  titrate  a  solution  containing  sodium  hydrox- 
ide with  a  tenth-normal  acid,  a  little  methyl  orange  is  added  to 
the  alkaline  solution  and  the  acid  is  added  until  the  solution  is 
colored  a  distinct  red.  The  latter  color  will  not  appear,  however, 
until  an  excess  of  the  acid  has  been  added.  This  causes  a  slight 
error  in  the  analysis  which  is  greater  in  proportion  to  the  amount 
of  indicator  employed,  and  the  more  dilute  the  solution. 

It  is  apparent  that  the  weaker  the  acid  character  of  the  indi- 
cator the  more  sensitive  it  will  be,  and  the  opposite  is  true  of  in- 
dicators which  are  bases. 

From  what  has  been  said  the  following  rule  holds: 

In  any  titration  the  smallest  amount  possible  of  indicator 
should  be  used,  and  inasmuch  as  the  change  of  color  is  propor- 
tional to  the  concentration  and  not  to  the  absolute  amount  of 
acid  present,  the  titrated  solution  should  have  as  nearly  as  pos- 
sible the  same  concentration  as  was  the  case  in  the  standardiza- 
tion of  the  normal  solution. 

*Cf.  Sti^litz,  J.  Am.  Chem.  Soc.  25,  1117. 
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When  a  normal  acid  is  used  for  the  titration,  the  change  of 
color  is  very  sharp  when  the  volume  of  the  solution  titrated 
amounts  to  about  100  c.c.  Even  with  a  fifth  normal  solution  the 
change  of  color  is  very  distinct,  but  less  so  with  tenth-normal 
solutions,  but  these  can  be  titrated  provided  the  standardization 
was  made  at  the  same  dilution  as  that  used  in  the  analysis. 

How  is  it  with  the  end-point  in  the  titration  of  an  acid  with 
an  alkaline  hydroxide  solution? 

If  a  few  drops  of  methyl  orange  are  added  to  100  c.c.  of  water, 
the  latter  will  be  colored  distinctly  yellow.  If  we  imagine  that 
the  solution  ccMitains  the  same  amount  of  gaseous  hydrochloric 
acid  as  is  contained  in  10  c.c.  of  a  tenth-normal  solution  of  this 
acid,  the  solution  will  be  colored  a  deep  red.  In  order  that  the 
solution  shall  assume  its  original  yellow  color,  it  is  only  necessary 

N 
to  add  exactly  10  c.c.  of  —  alkali  hydroxide  solution,  but  no  ex- 
cess of  alkali,  because  the  water  is  itself  sufficient  to  decompose 
the  dyestuff  sufficiently  to  produce  the  yeflow  color. 

It  is  evident,  then,  that  it  is  not  a  matter  of  indifference  in 
the  anal3rsis  whether  the  titration  is  completed  by  the  addition 
of  acid  or  by  the  addition  of  alkah.    In  the  former  case,  for  the 

N  N 

titration  of  T  c.c.  of  -rrr  alkali  solution,  T-f  ^  c.c.  of  ryr  acid  would 

be  necessary. 

Methyl  orange  is  more  sensitive  toward  alkali  than  it  is  toward 
acid,  but  many  prefer  to  finish  the  titration  by  the  addition  of 
acid,  for  most  eyes  can  detect  the  change  from  yellow  to  red  with 
greater  accuracy.  In  principle  it  is  more  accurate  to  accomplish 
the  titration  the  other  way,  as  was  recommended  by  F.  Glaser. 

Preparation  of  Methyl-orange  Solution, — ^The  solution  of  0.02 
gm.  of  solid  methyl  orange  *  in  hot  water  is  allowed  to  cool,  and 
any  deposited  meta-sulphonic  acid  is  filtered  off. 

Use. — Methyl  orange  is  suitable  for  the  titration  of  strong 
acids  (HCl,  HNO3,  ^^804)  as  well  as  phosphoric  and  sulphurous 
acids.    Hydrochloric  and  nitric  acids  can  be  titrated  with  this 

*  If  the  free  acid  is  not  at  hand,  0.022  gm.  of  the  sodium  salt  is  dissolved 

N 
in  100  c.c.  of  water,  0.67  c.c.  —  HCl  is  added,  and  after  standing  some  time 

any  deposited  crystals  are  filtered  off. 
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indicator  with  a  sharper  end-point  than  is  the  case  with  sulphuric 
acid  If  free  phosphoric  acid  is  titrated  with  sodium  hydroxide 
using  this  indicator,  the  solution  changes  from  red  to  yellow  when 
one-third  of  the  phosphoric  acid  has  been  neutralized: 

H.PO4+  NaOH  =  NaHaPO^H-  YLfi. 

The  primary  phosphates  are  neutral  toward  methyl  orange, 
while  the  secondary  and  tertiary  phosphates  react  alkahne  toward 
it.  With  half-normal  solutions,  the  end-point  of  the  reaction  is 
fairly  sharp,  with  tenth-normal  solutions  it  is  less  so;  in  the  latter 
case  an  excess  of  about  0.3  c.c.  of  the  tenth-normal  alkali  is  nec- 
essary to  cause  the  change  from  red  to  yellow. 

Sulphurous  Acid. — In  titrating  sulphurous  acid  with  sodiiun 
hydroxide,  the  yellow  color  is  obtained  when  half  the  acid  has 
been  neutralized, 

H,S03+  NaOH  =  NaHS03+  Hfi, 

so  that  NaHSOj  is  neutral  toward  this  indicator. 

The  weak  acids  HCN,  00^,  H,S,  AsjO,,  BjO,,  CrOa  when  pres- 
ent in  considerable  amount  do  not  act  upon  the  indicator.  CO, 
and  HjS  produce  an  orange-red  coloration  only  when  present  in 
large  amounts.  For  this  reason  the  alkah  salts  of  these  acids  can 
be  titrated  with  accuracy  by  means  of  this  indicator. 

Organic  acids  cannot  be  titrated  with  methyl  orange. 

The  strong  and  weak  bases  NaOH,  KOH,  NH.OH,  Ca(OH)„ 
Sr(0H)2Ba(0H)j,  and  Mg(0H)2  can  be  titrated  with  great  accu- 
racy by  means  of  this  indicator,  and  the  same  is  true  of  the  amine 
bases  (methyl  and  ethyl  amines,  etc.);  on  the  other  hand,  such 
weak  l3ases  as  p)aidine,  anihne,  and  toluidine  cannot  be  titrated. 

Nitrous  acid  ordinarily  cannot  be  titrated  with  this  indicator 
because  the  acid  destroys  it.  If,  however,  an  excess  of  alkali  is 
first  added  to  the  solution  of  nitrous  acid,  then  the  methyl  orange, 
the  titration  can  be  accomplished  with  accuracy. 

B.    THE  SODIUM  SALT, 

N(CH3),— CeH— N=N— CoHio,Na. 

This  sodium  salt  can  be  used  as  an  indicator  in  the  same  way 
as  the  free  acid;  it  should  be  mentioned,  however,  that  the  com- 
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mercial  salt  often  contains  small  amounts  of  sodium  carbonate 
as  impurity,  which  causes  it  to  be  slightly  less  sensitive  than  the 
free  acid. 

The  change  of  the  yellow  color  of  the  solution  in  this  case 
takes  place  when  the  salt  has  been  decomposed  by  the  addition 
of  an  equivalent  amount  of  a  stronger  acid,  and  the  dissociation 
of  the  free  acid  diminished  by  increasing  the  concentration  of  the 
hydrogen  ions.  As  a  matter  of  fact,  however,  the  amount  of 
acid  necessary  to  effect  this  change  in  a  solution  containing  a 
drop  of  the  indicator  solution  is  inappreciable. 

2.  Lacmoid,  or  Resorcin  Blue, 

Lacmoid  is  prepared  by  heating  resorcin  with  sodium  nitrite 
at  not  too  high  a  temperature.  The  constitution  of  the  dye  has 
not  been  completely  established.  Pure  lacmoid  is  soluble  in 
water  (the  impure  product  is  difficultly  soluble),  but  more  soluble 
in  alcohol,  glacial  acetic  acid,  actone,  and  phenol,  and  less  so  in 
ether.  To  determine  whether  a  sample  of  commercial  lacmoid 
is  suitable  for  use  as  an  indicator,  a  little  of  it  is  boiled  with  water; 
il  the  water  is  colored  an  intense  and  beautiful  blue,  it  can  be 
used.  In  this  case  the  alcoholic  solution  will  be  of  a  pure  blue 
color,  and  not  with  a  tinge  of  violet,  as  is  the  case  with  the  impure 
substance. 

Preparation  of  Pure  Lacmoid. — The  solution  of  the  good  com- 
mercial product  in  hot  96  per  cent,  alcohol  is  filtered  and  allowed 
to  evaporate  in  vacuo  over  concentrated  sulphuric  acid. 

Preparaiion  of  the  Indicator, — A  solution  is  used  containing 
0.2  gm.  of  the  purified  lacmoid  in  100  c.c.  of  alcohol. 

Behavior  of  Lacmoid  toward  Acids  and  Bases, — ^If  the  solution 
after  it  has  been  colored  reddish  by  acid  is  treated  with  a  solu- 
tion of  an  alkali  hydroxide,  the  red  color  is  gradually  changed 
to  a  violet-red,  and  on  further  addition  of  alkah,  it  suddenly 
changes  to  a  pure  blue.  If  the  violet  solution  is  diluted  with 
considerable  water,  it  becomes  blue. 

Uses, — Lacmoid  is  suitable  for  the  titration  of  strong  acids 
and  bases  as  well  as  for  anmionia,  but  is  not  suited  for  the  titration 
of  nitrous  acid  or  weak  acids. 
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3*  Litmus. 

The  chief  coloring  principle  of  litmus,  the  azolitmin,  is  a  dark- 
brown  powder  only  slightly  soluble  in  water  and  insoluble  in 
alcohol  and  ether.  With  alkalies  it  forms  a  readily  soluble  blue 
salt.  Besides  the  azolitmin,  there  are  other  dyestuffs  present  in 
Utmus  which  are  soluble  in  alcohol  with  a  red  color. 

Commercial  litmus  is  obtained  in  small  cubes  mixed  with  con- 
siderable calcimn  carbonate;  the  dyestuffs  are  then  in  the  form 
of  their  calcium  salts,  soluble  in  water.  If  the  coromercial  mate- 
rial is  dissolved  in  water,  a  solution  of  blue  and  reddish-violet 
coloring  matter  is  obtained,  which  becomes  red  on  the  addition  of 
acid.  On  making  alkaline  again,  a  pure  blue  color  is  not  obtained 
at  iSrst,  but  a  reddish-violet,  which  becomes  blue  on  the  addition 
of  considerable  alkali.  Such  a  solution,  therefore,  is  far  from 
being  a  sensitive  indicator  and  cannot  be  used  for  accurate  work. 
A  number  of  different  methods  have  been  proposed  for  obtaining 
a  sensitive  litmus  solution,  and  that  of  F.  Mohr  *  will  be  described. 

Purification  of  Ldtmus, — The  cubes  of  litmus  are  placed  in  a 
porcelain  dish  (without  powdering) ,  covered  with  85  per  cent,  alcohol, 
and  digested  on  the  water-bath  for  some  time  with  frequent  stirring. 
The  solution  is  decanted  off  and  the  operation  is  repeated  three 
times.  By  this  means  the  undesired  coloring  matter  is  removed. 
The  residue  is  now  extracted  with  hot  water,  and  as  it  is  very 
difficult  to  filter  the  solution,  it  is  poured  into  a  tall  cylinder,  and 
after  standing  several  days  the  clear  liquid  is  siphoned  off.  The 
solution  is  concentrated  to  about  one-third  of  its  volume  and  acidified 
with  acetic  acid  in  order  to  decompose  the  potassium  carbonate' 
present.  It  is  then  evaporated  to  a  syrupy  consistency  upon  the 
water-bath  and  the  mass  covered  with  a  large  amount  of  90  per  cent 
alcohol.  By  this  means  the  blue  coloring  matter  is  precipitated, 
while  the  remainder  of  the  violet  substance  remains  in  solution 
with  the  potassium  acetate.  The  residue  is  filtered  off  and  dis- 
solved in  sufficient  hot  water  so  that  three  drops  of  the  solution 
will  be  necessary  to  impart  a  distinct  color  to  50  c.c  of  water. 

Use, — Litmus  can  be  used  for  the  titration  of  inorganic  and 
strong  organic  acids,  alkah  and  alkaline-earth  hydroxides,  and 
ammonia,  as  well  as  for  the  titration  of  carbonates  in  hot  solution. 

*  Lehrbuch  der  Chemisch-Analytische  Titrirmethode. 
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4.  PhenolphthalelOy 

Cr-C,H,— OH 
VCeH,-OH 


0— CO 

The  presence  of  the  two  phenol  groups  imparts  a  slight  acid 
<;haracter  to  this  substance.  It  is  insoluble  in  water,  but  readily 
soluble  in  alcohol. 

Preparation  of  the  Indicator.  —  One  gram  of  pure  phenol- 
phthalein  is  dissolved  in  100  c.c.  of  96  per  cent,  alcohol. 

Properties, — ^According  to  Ostwald's  theory,  phenolphthalein, 
which  we  will  designate  for  brevity  with  the  symbol  PH,  is  colorless 
when  in  an  undissociated  condition,  but  its  cathion  is  colored  an 
intense  red.*  A  drop  of  the  indicator  added  to  pure  distilled  water 
.yields  a  colorless  solution. 

This  very  weak  acid  is  dissociated  to  an  inappreciable  extent 
according  to  the  equation 

PH?i±P+H 

and  there  are  not  enough  P  ions  present  to  impart  color  to  the 
solution. 

If  a  mere  trace  of  alkali  hydroxide  is  added,  the  hydroxyl  ions 
of  the  base  immediately  unite  with  what  hydrogen  ions  there  are 
present  in  the  solution  to  form  electrically-neutral  water,  so  that 
the  equilibrium  in  the  above  dissociation  equation  is  disturbed 
and  the  reaction  takes  place  in  the  direction  from  left  to  right 
until  the  amount  of  P  ions  present  is  sufficient  to  produce  the  red 
color.  By  the  addition  of  a  trace  of  acid  (even  COj  or  HjS)  the 
extent  of  the  dissociation  is  immediately  diminished  and  the  solu- 
tion becomes  colorless  again. 

*  The  change  of  color  can  be  explained  by  assuming  that  the  phenol- 
phthalein in  colorless  solution  has  the  constitution  of  a  lactone  as  given 
above,  whereas  its  red  salts  are  the  salts  of  the  carboxyl  acid 

C7T-C,H,0H 

>c,*h;=.o 

^C,H,COOH 
The  color  is  then  accounted  for  by  the  strongly  chromophoric  quinoid  com- 
plex.   (=CH^=0).      Cf.   Stieglitz,   J.    Am.   Chem.    Soc.,    25,  p.    1114.— 
tXrans^tor]. 


434  yOLUMETRlC  ANALYSIS. 

Uses, — Phenolphthalein  is  particularly  suited  for  the  titration 
of  organic  and  inorganic  acids  and  strong  bases,  but  not  for  the 
titration  of  ammonia. 

If  the  red-colored  solution  containing  phenolphthalein  and  a 
little  alkali  is  treated  with  an  excess  of  concentrated  alkali  hydrox- 
ide solution,  the  red  color  disappears,  but  returns  on  diluting  the 
solution  with  water.  Phenolphthalein,  therefore,  cannot  be  used 
as  an  indicator  for  the  titration  of  concentrated  alkali  without 
previous  dilution  with  water. 

Phenolphthalein  is  the  most  sensitive  indicator  we  possess 
toward  acids,  far  more  sensitive  than  methyl  orange,  for  in  this 
case  not  only  can  the  presence  of  weak  acids  be  detected,  but  very 
small  amounts  can  be  titrated  with  accuracy. 

Ordinary  distilled  water  usually  contains  carbon  dioxide,  as 

N 
can  be  shown  by  slowly  adding  —  barium  hydroxide  solution,  drop 

by  drop,  to  100  c.c.  of  water  containing  a  drop  of  the  indicator 
solution.  Where  the  alkah  first  meets  the  water,  a  red  color  is 
produced  which  disappears  on  stirring,  so  that  often  as  much  as 
0.5  to  1.8  c.c.  of  the  alkah  must  be  added  before  a  permanent  red 
color  is  obtained.  The  disappearance  of  the  red  shows  the  pres- 
ence of  acid  (in  this  case  carbonic  acid),  and  its  amount  corre- 
sponds to  the  alkah  neutraUzed. 

Phosphoric  Add. — If  a  solution  of  phosphoric  acid  containing 
phenolphthalein  is  titrated  with  normal  sodium  hydroxide  solu- 
tion, a  permanent  coloration  is  produced  when  two-thirds  of  the 
phosphoric  acid  is  neutraUzed: 

H3P0,+  2NaOH  =  Na,HP04+  2HjO. 

Apparently  NajHPO^  reacts  neutral  toward  phenophthalein, 
but  this  is  not  quite  correct,  for  a  pure  solution  of  disodium  phos- 
phate is  colored  by  phenolphthaldn  a  pale  pink,  and  on  diluting 
with  water  the  intensity  of  the  color  increases  owing  to  progres- 
sive hydrolysis: 

Na,  HPO,+ H  OH  t±  Na  0'H+  Na  H^PO^. 

During  the  titration  of  phosphoric  acid  with  sodium  hydrox- 
ide, a  pale-pink  color  is  obtained  somewhat  too  soon,  and  this  color 
gradually  increases  in  intensity  until  finally  a  maximum  is  reached; 
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the  latter  point  is  taken  as  the  end-point.  It  is  possible  that  this 
hydrolysis  could  be  prevented  by  the  addition  of  a  large  excess  of 
sodium  chloride  and  cooling  to  about  zero  Centigrade. 

Carbonic  Add. — If  the  solution  of  a  neutra'  alkali  carbonate 
is  treated  with  phenolphthalein  a  red  color  is  obtained,  showing 
the  presence  of  hydroxy  1  ions  in  the  solution,  due  to  hydrolysis: 

Na  Na  CO3+  H  6H?i±Na  6h+  Na  HCO3. 

If  hydrochloric  acid  is  added  to  such  a  solution  which  is  not 
too  dilute  and  is  at  a  temperature  of  0°  C,  decolorization 
is  effected  when  half  of  the  soda  has  been  neutralized.  At  ordi- 
nary temperatures  a  sharp  end-point  cannot  be  obtained;  the 
color  gradually  fades.  Pure  sodium  bicarbonate  dissolved  in 
ice-cold  water  is  not  colored  by  the  addition  of  phenolphthalein; 
if  it  is  warmed  to  the  temperature  of  the  room  it  turns  red,  but 
on  cooling  the  color  disappears  (Kiister). 

Silicic  acid  seems  to  be  without  influence  upon  phenolphtha- 
lein, for  alkali  silicates  (the  water-glasses)  can  be  titrated  with 
accuracy. 

Chromic  Acid  and  Acid  Chromates  are  changed  by  the  addi- 
tion of  alkali  to  neutral  chromates  and  the  latter  have  no  action 
upon  phenolphthalein. 

Alkali  aluminates  can  be  titrated  accurately  with  this  indicator, 
for  aluminium  hydroxide  does  not  affect  it. 

Almost  all  the  problems  involved  in  acidimetry  and  alkalim- 
etry can  be  solved  by  the  use  of  one  or  the  other  of  these  two 
indicators:  methyl  orange  and  phenolphthalein.  For  further 
information  with  regard  to  the  countless  other  indicators  which 
have  been  proposed,  the  student  is  referred  to  Glaser's  "Indiea- 
toren  der  Aciditnetrie  und  Alkalimetrie,"  Wiesbaden,  1901.* 

Normal  Solutions. 

For  the  standardization  of  the  solutions  used  in  acidimetry 
and  alkalimetry,  a  great  many  different  methods  have  been  pro- 
posed, all  of  which  more  or  less  satisfactorily  answer  the  purpose. 
It  was  Gay-Lussac  who  first  proposed  the  use  of  chemically-pure, 
calcined  sodium  carbonate,  and    n  simplicity  and  accuracy  this 

"^  See  also  J.  Wagner,  Zeitschr.  fur  anorg.  Chem.,  XXVII  (1901),  p.  13& 
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method  has  never  been  excelled^  so  that  we  will  content  ourselves 
with   ts  description. 

The  chemically-pure  sodium  carbonate  must  form  a  clear  solu- 
tion with  wate  and  should  contain  neither  sulphuric  nor  hydro- 
chloric acid  .  It  is  possible  to  obtain  the  pure  substance  com- 
mercially, but  as  a  rule  it  must  be  purified.  For  this  purpose 
about  300  gms.  of  crystallized  sodium  carbonate  are  dissolved  in 
250  c.c.  of  water  at  25-30°  C,  and  quickly  filtered  into  a  two-liter 
flask  of  Jena  glass.  After  replacing  the  air  by  carbon  dioxide,* 
the  flask  is  closed  by  means  of  a  perforated  rubber  stopper  through 
wh'ch  a  short,  right-angled  glass  tube  is  passed,  and  the  latter  is 
connected  by  means  of  a  long  piece  of  rubber  tubing  with  a 
Kipp-carbon  dioxide  generator.  The  contents  of  the  flask  are 
shaken  imtil  no  more  carbon  dioxide  will  be  absorbed;  this  usu- 
ally takes  from  half  to  three-quarters  of  an  hour.  In  proportion 
as  carbon  dioxide  is  absorbed,  sodium  bicarbonate  is  deposited. 
The  solution  is  cooled  to  0°  C,  while  the  carbon  dioxide  is  continu- 
ally passed  through  it.  the  thick  mass  of  crystals  is  transferred  to  a 
filter-plate  which  is  covered  with  a  piece  of  hardened  filter-paper  and 
sucked  as  dry  as  possible.  The  sodium  bicarbonate  thus  obtained 
often  contains  considerable  chloride  and  sulphate.  It  is  washed 
back  into  the  flask  by  means  of  50  c.c.  of  distilled  water  (that  has 
been  cooled  to  0^  C.  and  saturated  with  carbon  dioxide),  vigor- 
ously shaken,  and  the  mother-liquor  once  more  removed  by  suc- 
tion. This  operation  is  repeated  until  finally  3  gms.  of  the  salt 
will  no  longer  give  the  test  for  chlorides  or  sulphates. 

The  pure  sodium  bicarbonate  thus  obtained  is  dried  on  the 
water-bath  and  preserved  for  further  use  in  a  tightly-stoppered 
bottle. 

Normal  Hydrochloric  Acid« 

1000  c.c.  contain  1  HC1» 36.46  gms. 

Pure,  concentrated  hydrochloric  acid  is  diluted  until  its  spe- 
cific gravity  is  about  1.020,  and  in  this  way  a  solution  is  obtained 
that  is  slightly  more  than  normal  in  strength.  To  obtain  an  ex- 
actly normal  solution,  it  is  titrated  against  a  weighed  amoimt  of 
chemically-pure  sodium  carbonate,  and  from  the  result  obtained 

*The  carbon  dioxide  is  passed  through  a  solution  containing  sodium 
bicarbonate  belore  it  reaches  the  flask. 
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the  amount  of  water  to  be  added  can  be  computed.  About  8 
gms.  of  the  pure,  dry  sodium  bicarbonate  are  placed  in  a  large  plati- 
num crucible,  and  the  latter  is  inserted  in  an  inclined  position 
within  a  hole  in  a  piece  of  asbestos  board  and  over  a  small  flame 
(cf.  p.  277).  The  contents  of  the  crucible  are  stirred  frequently 
with  a  short  piece  of  heavy  platimmi  wire,  and  only  the  bottom  of 
the  crucible  is  heated  to  redness.  The  mass  must  not  be  al- 
lowed to  sinter  together  or  fuse,  for  in  that  way  an  appreciable 
amoimt  of  the  normal  carbonate  would  be  decomposed.  After 
heating  for  about  half  an  hour  the  crucible  is  cooled  in  a  desicca- 
tor, weighed,  and  to  make  sure  that  a  constant  weight  has  been 
obtained,  the  heating  is  repeated  once  or  twice  more. 

The  amoimt  necessary  to  neutralize  35-40  c.c*  of  normal  acid 
(about  2  gms.)  is  weighed  out  from  a  glass-stoppered  weighing- 
tube  into  a  beaker,  dissolved  in  about  100  c.c.  of. distilled  water, 
and  enough  methyl  orange  is  added  (from  5-6  drops)  to  impart  a 
pale-yellow  color  to  the  solution.  The  hydrochloric  acid  at  17- 
18^  C.  is  added  from  a  burette,  with  constant  stirring,  until  the 
color  of  the  solution  is  changed  from  yellow  to  orange.  The 
burette  is  then  read  and  a  drop  more  of  the  acid  is  added  to  see 
whether  this  will  produce  a  pure  pink  color!  If  this  is  not  the  case, 
more  hydrochloric  acid  is  added  until  this  point  is  reached,  and 
in  this  way  the  number  of  cubic  centimeters  of  the  acid  that  are 
required  to  neutralize  the  weighed  amoimt  of  the  sodium  carbo- 
nate is  determined.  Assuming  that  for  the  neutralization  of 
2.1132  gms.  of  Na^COj,  39.20  c.c.  of  hydrochloric  acid  were  neces- 
sary, how  strong  is  the  acid? 

If  the  acid  were  exactly  normal,  according  to  definition  (p. 

423)  1000  c.c.  would  neutralize  ^^^^'=^5^  =  53.05  gms.  of 

sodium  carbonate,  so  that  the  amount  weighed  out  would  require 

for  neutralization 

53.05: 1000=2.1132:x 

2113.2 

^ ~  -go  r^g  ^ 39.83  c.c.  » 

00  .Uo 

As,  however,  only  39.20   c.c.  were  necessary  it   is  evident  that 

*  It  is  best  not  to  weigh  out  more  substance  than  can  be  titrated  with 
one  buretteful,  and  not  too  small  an  amount  should  be  taken,  for  in  the  latter 
case  the  error  in  reading  is  too  great. 
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our  solution  is  too  strong,  and  for  each  39.20  c.c.  of  the  acid, 

39.83—39.20=0.63  c.c.  of  water  must  be  added  to  make  it  nonnal, 

and  to  1  liter: 

39.2: 0.63= 1000  :a: 

630     ,^^- 
a;=5Q-^=  16.07  c.c.  water. 

A  perfectly  dry  liter  flask  is,  therefore,  filled  exactly  to  the 
mark  with  the  acid,  and  16.1  c.c.  of  water  are  added  from  a  burette 
(or  measuring-pipette),  the  solution  is  thoroughly  mixed,  and  the 
strength  of  the  solution  is  verified  by  a  second  titration  with  a 
weighed  amoimt  of  sodium  carbonate.  Further,  it  is  to  be  rec- 
ommended that  the  beginner  should  convince  himself  of  the  accu- 
racy of  the  result  by  determining  the  amount  of  chlorine  present 
gravimetrically  as  silver  chloride.  10  c.c.  of  normal  acid  3deld 
1.4338  gms.  AgCl. 

For  practical  purposes  it  is  quite  lumecessary  to  spend  the 
time  necessary  for  the  preparation  of  an  exactly  normal  solution, 
but  its  normality*  is  determined,  and  if  the  number  of  cubic  centi- 
meters used  is  multiplied  by  this  factor,  the  correspondmg  amoimt 
of  normal  solution  will  be  obtained.  Thus  in  the  above  case  39.20 
c.c.  of  acid  were  used  to  do  the  work  that  would  require  39.83  c.c. 

39  83 
of  normal  acid.    The  solution  is,  therefore,  qq-ott  =  1.016  N.    Or, 

if  instead  of  using  40.10  c.c.  it  was  found  that  40.15  c.c.  of  acid 

40  10 
were  required,  the  solution  would  be  77:^?  =  0.9987  N.     Whatever 

40.15 

the  normality  may  be,  it  is  written  upon  a  label  and  pasted  upon 
the  bottle  containing  the  acid. 

For  most  purposes,  a  normal  solution  is  too  strong,  so  that 
i,  I  and  ^  N  solutions  are  used.  Obviously  a  tenth-normal  solu- 
tion can  be  prepared  by  diluting  100  c.c.  of  a  normal  solution  to 
1  liter,  etc. 

•     N 
In  order  to  titrate  a  777  acid  solution  with  sodium  carbonate. 

10 

about  0.2  gm.  of  the  salt  is  placed  in  a  white  porcelain  dish  and  dis- 
solved in  50  c.c.  of  water,  methyl  orange  is  added  until  a  pale-yellow 
color  is  obtained,  and  acid  is  added  until  the  color  becomes  orange. 

*  By  normality  is  understood  the  relation  to  a  normal  solution. 
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The  carbon  dioxide  is  then  expelled  by  heating  to  boiling,  after  which 
the  solution  is  cooled  and  once  more  titrated  until  an  orange  color 
is  obtained;  the  second  titration  requires  but  about  0.1-0.2  c.c. 
more,  but  in  this'  way  the  correct  end-point  is  obtained.  At  this 
dilution  the  carbon  dioxide  exerts  an  imperceptible  action  upon 
the  indicator. 

Normal  Nitric  and  Sulphuric  Acid  Solutions. 

These  are  prepared  in  the  same  way  as  was  described  in  the 
preparation  of  normal  hydrochloric  acid.  The  nitric  acid  is  stand- 
ardized against  the  pure  sodium  carbonate,  while  the  sulphuric 
acid  is  standardized  in  this  way  and  also  gravimetrically  by  precipi- 
tating a  definite  volume  with  an  excess  of  barium  chloride.  10  c.c. 
of  normal  sulphuric  acid  should  yield  1.167  gms.  of  BaSO^. 

—  Oxalic  Acid. 

ID 

lAAA              *  •    HAQ4  4-2H,0    126.06     ^„^^ 
1000  c.c.  contain     *  *  *  ^  -  -^r — « 6.303  gms. 

An  oxalic  acid  solution  of  this  strength  can  be  prepared  by 
dissolving  exactly  6.303  gms.  of  pure,  crystallized  oxalic  acid  in 
water  at  17^.5  and  diluting  to  a  volume  of  1  liter.  The  com- 
mercial acid,  however,  must  always  be  purified. 

The  chief  impurities  found  in  the  commercial  product  are  cal- 
cium and  potassium  oxalates.  In  order  to  remove  these  salts,  500 
gms.  are  dissolved  in  500  c.c.  of  pure,  boiling  hydrochloric  acid 
of  specific  gravity  1.075  in  a  porcelain  dish.  If  an  insoluble  resi- 
due should  be  obtained,  the  solution  is  filtered  through  a  hot- water 
funnel  and  the  filtrate  received  in  a  porcelain  evaporating-dish, 
the  latt  r  placed  upon  ice  and  cooled  as  quickly  as  possible.  The 
fine  crystals  thus  obtained  are  placed  in  a  funnel  provided  with  a 
platinum  cone  and  the  mother-liquor  completely  removed  by  suc- 
tion. The  above  process  is  repeated,  and  the  crystals  obtained 
the  second  time  are  washed  with  a  little  ice-cold  water,  re- 
crystallized  three  times  from  hot  water,  and  their  purity  tested. 
A  solution  of  2  gms.  of  the  purified  acid  should  give  no  sign 
of  a  turbidity  with  silver  nitrate,  and  another  portion  of  5  gms. 
should  leave  no  weighable  residue  after  ignition  in  a  weighed 
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platinum  dish.  After  having  been  dried  as  completely  as  pos- 
sible by  suction,  the  crystals  are  spread  out  upon  several  layers 
of  blotting-paper  and  allowed  to  stand  in  the  air  for  several  days; 
they  then  have  the  formula  H2C2O4+2H2O.    The  strength  of  the 

N 
solution  is  tested  by  titration  with  —  sodium  hydroxide  solution  (see 

N 
p.  441)  or  with  -^  potassium  permanganate  solution  (see  p.  478). 

Normal  Sodium  Hydroxide  Solution. 

1000  c.c.  contain  1  NaOH'^40.06  gms. 

About  45  gms.  of  the  commercial  caustic  soda  is  roughly  weighed 
out,  the  carbonate  on  the  surface  is  washed  off  as  much  as  possi- 
ble by  a  stream  of  water  from  the  wash-bottle,  and  the  alkali  is. 
dissolved  in  a  liter  of  water.  After  the  temperature  has  been 
brought  to  17-18*^  C.  about  40  c.c.  of  the  solution  are  measured 
of!  from  a  burette,  and  titrated  with  normal  hydrochloric  acid  after 
the  addition  of  a  few  drops  of  methyl  orange  solution.  The  titra- 
tion is  repeated  reveral  times  with  fresh  amounts  of  the  sodium 
hydroxide  and  from  the  mean  of  the  results  the  amount  of  water 
to  be  added  is  calculated.     If,  for  example, 

40  c.c.  NaOH  =  41.23  c.c.  N.  HCl, 

it  is  evident  that  1.23  c.c.  of  water  must  be  added  to  each  40  c.c. 
of  the  alkali  to  make  the  solution  exactly  normal,  and  for  one  liter 

40:1.23  =  1000:0: 

1230    ^^-- 
3:=  -.7^  =  30.75  c.c.  water. 
40 

After  the  solution  has  been  diluted  with  water  until  it  is  exactly 

normal,  it  must  be  tested  once  more  with  the  hydrochloric  acid^ 

and  from  it  tenth-normal  and  fifth-normal  hydroxide  solutions 

can  be  prepared. 

The  solutions  thus  obtained  always  contain  carbonate,  so  that 

they  are  not  suitable  for  titration  with  phenolphthalein,  but  with 

methyl  orange  the  results  obtained  are  the  same  as  if  all  of  the 

sodium   was   present   as   the   hydroxide.    With   phenolphthalein 

accurate  results  can  be  obtained  from  a  boiling-hot  solution,  or  by 

preparing  a  solution  of  alkali  free  from  carbonate. 
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Tttralion  of  Alkali  containing  Carbonate  vrith  Phenolphthaldn  in 

Hot  Solutions. 

The  alkali  is  measured  into  a  porcelain  dish,  a  drop  of  phenol- 
phthalein  added,  and  hydrochloric  acid  of  approximately  the  same  ^,.  (^  < 

strength  .s  run  into  the  solution  until  the  red  color  disappears.  ^^  ^  t  *■  ^*^ 

The  solution  is  then  heated  to  boiling,  when  the  red  color 
soon  reappears;  it  is  cooled  by  placing  the  dish  in  cold  water  * 
hydrochloric  acid  is  again  added  until  decolorized,  and  the 
process  is  repeated  until  finally  the  red  color  does  not  reap- 
pear on  boiling.     This  method  of  titration  is  tedious,  but  the 

N 
results  obtained  are  accurate.    On  titrating  —  acids  with  methyl 

orange  as  indicator,  there  is  no  sharp  change  from  yellow  to 
pink,  as  is  the  case  with  normal  and  half -normal  solutions,  but 
first  a  brownish-orange  color  is  obtained  which  becomes. pink  on 
the  addition  of  more  acid.  The  correct  end -point  is  the  change 
from  yellow  to  yellowish  brown.  Only  when  considerable  car- 
bonate is  present  will  this  change  occur  before  enough  acid  has 
been  added,  for  in  this  case  the  carbon  dioxide  exerts  an  action 
upon  the  methyl  orange. 

The  disturbing  action  of  carbon  dioxide  is  best  prevented  by 
first  titrating  in  the  cold,  then  heating  to  boiling  to  remove  the 
carbon  dioxide,  again  titrating  the  cold  solution  with  acid.  If 
only  a  small  amount  of  carbonate  is  present,  it  exerts  no  appre- 
ciable effect  upon  methyl  orange. 

The  titration  of  oxalic  acid  with  alkali  containing  carbonate 
is  best  effected  with  phenolphthalein  in  a  hot  solution. 

Preparation  of  Sodium  Hydroxide  Solution  Free  from  Carbonate, 

This  is  best  effected  as  proposed  by  Kiister.f  About  40  c.c.  of 
pure  alcohol  is  placed  in  a  small  round-bottomed  flask,  heated  to 
boiling  on  the  water-bath,  and  little  by  little  2.5  gms.  of  bright 
metallic  sodium  are  added,  the  latter  being  freed  from  petroleum 

*  With  phenolphthalein  the  titration  can  be  finished  in  the   hot  solu- 
tion, but  the  end-point  is  not  so  sharp, 
t  Zeit.  f .  anorg  Chem.,  18,  134. 
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by   rubbing  between  pieces  of  blotting-paper.    The  reaction  be* 
If  tween  the  boiling  alcohol  and  the 

sodium  13  at  first  veiy  violent  and 
large  amounts  of  hydrogen  and 
alcohol  vapors  are  evolved.  Dur* 
ing  this  time  the  flask  is,  there- 
fore, kept  covered  with  a  watch- 
glass.  Gradually  the  reaction  be- 
gins to  diminish  and  finally  stops. 
In  the  flask  there  wilt  be  a  deposit 
of  sodium  alcoholate  and  some 
imdissolved  sodium  on  account  of 
the  insutScient  amount  of  alcohol. 
Small  amounts  of  water  free  from 
carbon  dioxide*  are  now  added, 
a  test-tube  full  at  a  time.  The 
alcohol  is  almost  all  boiled  away, 
and  in  order  to  completely  remove 
it,  a  current  of  air  free  from  car- 
bon dioxide  is  passed  through  the 
solution  until  the  odor  of  alco- 
hol can  no  longer  be  detected. 
The  solution  is  then  quickly 
cooled  by  the  addition  of  water 
free  from  carbon  dioxide,  imme- 
diately placed  in  a  liter  flask,  and 
Pjq  71  diluted    to   the   mark   with   pure 

water  at  17-18°  C.  This  solution 
will  give  the  same  value  when  titrated  with  phenolphthalein  m  a  cold 
solution  as  when  the  latter  is  hot.f  With  methyl  orange  correct 
results  are  also  obtained  if  the  orange  color  is  taken  as  the  end-point. 
Such  a  solution  quickly  absorbs  carbon  dioxide  from  the  air. 
In  order  to  prevent  this,  it  is  placed  in  a  bottle  as  shown  in  Fig. 

*  Thia  ia_  arcompliahed  by  boiling  the  water  while  a  current  of  air  free 
from  rarbon  dioxide  is  pssaed  through  it. 

t  Provided  the  hydrochloric  acid  solution  was  prepared  with  water  free 
from  carbonate,  otherwise  too  little  acid  will  be  necessary  when  the  titration 
takes  place  in  the  cold. 
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71  which  is  connected  with  a  soda-lime  tube,  iV,  and  with  the  burette 
by  means  of  the  tubes  p  and  r.  The  burette  is  filled  by  squeezing 
the  tube  at  a.  In  this  way  a  solution  can  be  kept  free  from 
carbon  dioxide  for  a  l«ng  time.  In  order  to  determine  whether 
the  solution  is  free  from  carbonate,  two  parallel  titrations  are  made 
with  phenolphthalein  as  an  indicator,  one  in  the  cold  and  the 
other  in  the  hot  solution.  If  the  results  agree  the  solution  is  free 
from  carbonate.  Otherwise  it  is  necessary  either  to  prepare  a  fresh 
solution  or  to  make  a  corresponding  correction  in  each  anal3rsis 
after  determining  the  amount  of  carbonate  present  as  described 
on  p.  449. 

In  many  cases  it  is  better  to  use  a  ^  normal  barium  hydrox- 
ide solution;  as  long  as  it  remains  clear  it  is  free  from  carbonate. 

Preparation  of  —  Barium  Hydroxide  Solution. 

1000 cccontainl^^O^tSH^  -51^-16.779 gms. 

.  The  crystallized  barium  hydroxide  of  commerce  always  con- 
tains barium  carbonate,  so  that  the  solution  cannot  be  prepared 
by  simply  weighing  out  the  necessary  amount  and  diluting  to  1 
liter.  About  20  gms.  of  the  commercial  product  are  dissolved  in 
the  necessary  amount  of  distilled  water  within  a  large  flask.  The 
flask  is  closed  and  shaken  until  the  crystals  have  completely  dis- 
appeared and  a  light,  insoluble  powder  of  barium  carbonate 
remains.  The  solution  is  allowed  to  stand  for  two  days,  until  the 
barium  carbonate  has  completely  settled,  when  it  is  siphoned  into 
a  bottle  through  which  a  current  of  air  free  from  carbon  dioxide  has 
been  passed  for  two  hours  previous,  after  which  the  bottle  is  con- 
nected with  a  soda-lime  tube  and  with  the  burette  as  shown  in 

N 
Fig.  71.     For    the    titration,  50  c.c.  —  hydrochloric    acid    are 

placed  in  an  Erlenmeyer  flask,  a  little  phenolphthalein  is  added, 
and  the  solution  titrated  by  the  addition  of  the  barium  hydroxide 
solution.    The  normality  found  should  be  written  upon  the  label. 

N 
It  is  not  advisable  to  make  the  solution  exactly  ^7:.  for  it  usu- 
ally becomes  turbid  on  dilution. 
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A.  Alkalimetry. 

I.  Determination  of  Alkali  Hydroxides. 

RvIm. — ^If  the  substance  to  be  analyzed  is  a  solid,  an  accurately^ 
weighed  amount  is  dissolved  in  enough  water  so  that  the  solution, 
is  at  about  the  same  concentration  as  that  of  the  acid  to  be  used 
in  the  titration.  If,  on  the  other  hand,  a  solution  of  an  alkali 
hydroxide  in  water  is  to  be  analyzed,  the  specific  gravity  of  the 
solution  is  determined  by  weighing  in  a  pycnometer  or  by  meana 
of  an  areometer,  and  then  diluted  to  the  amount  desired. 

(a)  DetermincUion  of  Sodium  Hydroxide  in  Commercial 

Caustic  Soda, 

NaOH= 40.06. 

N 
For   the   titration   a  —  hydrochloric  acid    solution    can  be 

N 
used.     Consequently  in  this  case  an  approximately  j^   normal 

solution  of  the  alkali  is  prepared.    As  sodium  hydroxide  absorbs 

water  and  carbon  dioxide  from  the  air.  the  sample  for  analysis  is 

weighed  out  in  a  tared  waich-gJass  and  dissolved  in  water  to  a 

definite  volume.    After  thoroughly  mixing  the  solution  a  pipetted 

portion  is  treated  with  methyl  orange  and  titrated  in  the  cold  with 

N 

—  hydrochloric  acid. 

Example, — 4.6623  gms.  sodium  hydroxide  were  dissolved  in 
1000  c.c.  of  solution  and  25  c.c.  of  the  latter,  corresponding  ta 

N 
0.11656  gm.   sodium    hydroxide,  required  28.66  c.c    r^    hydro- 
chloric acid  for  neutralization. 

N 
Since  1000  c.c.  of  —  acid  correspond  to  4.006  gms.  NaOH. 

N  4  006 

it  is  evident  that  1  c.c.  —  acid=  -r7rTr7r-  =  0.004006  gm.  NaOH   and 

N 
28.66  c.c.  —  acid  correspond  to  0  004006  X  28  66=  0  J 1 48  gm  NaOH. 
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This  amount  o^  NaOH  was  contained  in  25  c.c.  of  solution, 
equivalent  to  0.1166  gm.  of  the  solid  substance,  so  that  the  per 
cent,  of  sodium  hydroxide  present  can  be  calculated: 

0.1166:0.1148=  100:x 

11  48 
a^=i:^^rT^= 98.49  per  cent.  NaOH. 
O.lloo 

(6)  Deiermination  of  Sodium  Hydroxide  Present  in  Caustic 

Soda  Solution. 

N 
For  the  titration  assume  that  a  -^  solution  is  at  hand; 

NaOH 
100  c.c.  =i^i^i^= 20.03  gms.  NaOH. 

The  alkali  solution  to  be  analyzed  has  a  specific  gravity  of  1.285 
at  15®  C,  and  by  consulting  the  table  (see  the  supplement)  we 
find  that  the  solution  should  contain  25.80  per  cent.  NaOH  by 
weight;  i.e.,  100  gms.  of  the  solution  should  contain  25.80  gms. 
NaOH.  Usually  instead  of  weighing  out  the  solution  it  is  meas- 
ured and  the  per  cent,  by  volume  is  computed. 

As  128.5  gms.  of  the  alkali  occupy  a  volume  of  100  c.c.  we  have 

100:25.8=  128.5:x 

a: =33. 153  gms.  NaOH  in  100  c.c. 

N 
Now  as  1  liter  of  ^  sodium  hydroxide  contains  20.03  gms.  NaOH, 

we  can  compute  how  much  of  the  alkali  must  be  taken  to  be  di- 

N 
luted  to  1000  c.c.  in  order  to  make  a  -^  solution: 

100 :  33. 153 =x:  20.03 

2003      ^  .  ^ 
^=33T53  =  ^^-^'-"- 

We  measure,  therefore,  60  c.c.  into  a  liter  flask,  dilute  with 
water  just  to  the  mark,  shake  thoroughly,  and  by  means  of  a  pi- 
pette 25  c.c.  of  the  solution  are  removed  and  titrated  with  half- 
normal  acid,  using  methyl  orange  as  an  indicator. 
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N 
Assume  that  25  c.c.  of  the  solution  require  24.3  c.c.  of  -^  acid 

N  NaOH 

for  neutralization.    As  1000  c.c.  -^  acid  contain  — x —  =  20.03 

gms.  NaOH,  it  is  evident  that  1  c.c.  of  the  acid  corresponds 

N 
to  0.02003  gm.  NaOH,  and  24.3  c.c.    -^  acid  is  equivalent  to 

0.02003X24.3=0.4867  gm.  NaOH. 

25  c.c.  of  the  dilute  alkali,  therefore,  contain  0.4867  gm. 
NaOH,  and  1000  c.c.  of  the  dilute  solution,  or  60  c.c.  of  the  orig- 
inal alkali,  contain  0.4867X40^=19.47  gms.  NaOH,  and  100  c.c.  of 
the  original  solution  contain  - 

60: 19.47=  100:x 

1047 

x^  ig^ =32.45  gms.  NaOH. 

In  order  to  obtain  the  per  cent,  by  weight,  this  number  must 
be  divided  by  the  specific  gravity. 
In  the  assumed  case  we  have: 

32  45 

r-j^  =  25.25  per  cent,  NaOH. 

Remark. — ^The  titration  of  alkali  hydroxides  with  phenol- 
phthaleln  as  an  indicator  will  only  give  correct  results  when  the 
alkali  hydroxide  is  free  from  carbonate,  which  with  commercial 
material  is  never  the  case.  The  above  results  are  too  high,  for 
they  represent  the  total  amoimt  of  alkaU,  i.e.  the  amount  of 
NaOH+  Na^COj,  though  the  latter  is  expressed  in  terms  of  NaOH. 
For  an  accurate  determination  of  alkali  hydroxide  in  the  presence 
of  alkali  carbonate,  see  p.  449. 

(c)  Determination  of  Ammonia  in  Agtieous  Ammonia, 
The  procedure  is  the  same  as  under  (b). 

(d)  Determination  of  Ammonia  in  Ammonium  Salts, 

A  weighed  amount  of  the  ammonium  salt  is  placed  in  the 
flask  K  (Fig.  23,  p.  55)  *  dissolved  in  about  200  c.c.  of  water,  and 

'■  m 

*  Or  better,  the  apparatus  shown  in  Fig.  63,  p.  358,  may  be  used. 
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treated  with  10  e.c.  of  a  boiled  solution  of  10  per  cent,  caustic 
soda.  The  solution  is  distilled,  and  the  distillate  received  in  a 
known  amount  of  normal  acid  in  the  receiver  F,  as  described  on 
p.  55.  The  excess  of  acid  is  titrated  with  normal  alkali,  using 
methyl  orange  as  an  indicator  and  the  ammonia  calculated  from 
the  difference  between  the  amount  of  acid  now  found  and  that 
originally  in  the  receiver. 

Example, — ^The  amount  of  ammonia  in  a  sample  of  commer- 
cial ammoniimi  sulphate  is  to  be  determined.  As  the  technical 
product  is  never  entirely  pure,  a  large  amount  of  the  substance  is 
weighed  out,  and  for  the  sake  of  convenience  this  can  amount  to 
the  gram-equivalent  of  ammonia,  i.e.  17.07  gms.  This  quantity  of 
the  salt  is  dissolved  in  500  c.c.  of  distilled  water,  and  for  the  analy- 
sis, 50  c.c.  of  this  solution  are  taken  (1.707  gms.  of  salt).  This  is 
placed  in  the  flask  K  (Fig.  23,  p.  55),  diluted  with  150  c.c.  of  water, 
and  distilled  after  the  addition  of  10  c.c.  of  10  per  cent,  caustic 
soda  solution.  The  distillate  is  received  in  60  c.c.  of  half-normal 
hydrochloric  acid,  the  excess  of  the  latter  titrated  with  half-normal 
alkali,  and  from  the  difference  the  amoimt  of  ammonia  calculated. 

N 
For  the  titration,  t  c.c.  of  -^  alkali  are  necessary;  consequently 

the  amoimt  of  ammonia  in  1.707  gms.  of  the  substance  neutral- 

N 
i?«d  GO-t  c.c.  "2  acid.    This  corresponds  to  (60-0  X 0.008535  gm. 

NHj  and  in  per  cent. 

1.707:  (60-0  X0.008535=  100:x 

(60-00.8535    m-t  ^  . ^ 
1.707      ^   "2 per  cent.  NH,. 

(e)  Titration  of  Pyridine  Bases.    Method  of  K.  E.  Schulze* 
1000  c.c.  N.  acid -CAN -79.09  gms.  pyridine. 

The  p3rridine  bases  are  so  weak  that  they  cannot  be  titrated 
with  ordinary  indicators.  If,  however,  an  aqueous  pyridine  solu- 
tion is  treated  with  an  aqueous  solution  of  ferric  chloride,  the  iron 
is  precipitated  as  ferric  hydroxide: 

FeCls + 3C AN + 3H0H = 3(C  AN,  HQ)  +  Fe(OH),. 


*  Berichte,  20  (1887),  p.  3391. 
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If  normal  sulphuric  acid  is  very  carefully  added  with  constant 
stirring  until  the  precipitate  redissolves,  each  cubic  centimetre  of 

0  H  N 
the  acid  required  will  correspond  to    °  i^  =0.07909  gm.  pyridine. 

Procedure. — 5  c.c.  of  pyridine  are  dissolved  in  100  c.c.  of  water, 
26  c.c.  of  the  resulting  solution  are  treated  with  1  c.c.  of  5  per  cent, 
fiqueous  ferric  chloride  solution,  and  the  precipitate  of  reddish- 
brown  ferric  hydroxide  is  titrated  with  normal  sulphuric  acid  until 
completely  dissolved. 

2.  Determination  of  Alkali  Carbonates. 

Alkali  carbonates  can  be  titrated  in  the  cold  by  using  methyl 
•orange  as  an  indicator,  the  end-point  being  taken  as  the  change 
from  yellow  into  reddish  orange.  When  fifth-,  half-,  and  normal 
acids  are  used  this  is  the  correct  end-point,  but  with  tenth-normal 
acids  this  change  is  obtained  a  little  too  soon,  for  large  amounts  of 
carbonic  acid  exert  a  slight  action  upon  the  indicator.  In  this  case 
the  difficulty  is  best  overcome  by  titrating  the  solution  until  the 
orange  color  is  obtained,  then  heating  to  boiling  to  expel  the  car- 
bon dioxide,  cooling,  and  again  titrating  until  the  now  yellow 
solution  becomes  orange  again.*  With  phenolphthalein,  accurate 
results  may  be  obtained  by  titrating  the  hot  solution  (cf.  p.  441). 
According  to  Warder,t  sodium  bicarbonate  solution  reacts  neu- 
tral toward  phenolphthalein  in  the  cold,  so  that  when  a  sample  of 
sodium  carbonate  is  titrated  in  the  cold,  with  phenolphthalein 
as  an  indicator,  an  end-point  is  obtained  when  the  carbonate  is 
changed  to  bicarbonate: 

Na^COa + HCl  -  NaCl  +  NaHCOs.  J 

If.  the  acid  is  allowed  to  run  upon  the  carbonate  solution,  a 
part  of  the  carbon  dioxide  from  the  sodium  bicarbonate  is  lost,  ac- 
cording to  North  and  Lee,§  so  that  too  much  acid  must  be  added 

♦  K lister  recommends  in  titrating  carbonates  with  methyl  orange,  that 
a  blank  experiment  be  made  to  see  how  much  effect  an  equal  amount  of 
water  saturated  with  carbon  dioxide  has  upon  the  same  amount  of  indicator 
solution.     (Zeitschr.  fiir  anorg.  Chem.,  XIII,  p.  140.) 

t  Zeitschr.  f.  analyt.  Ch.,  21,  p.  102. 

X  Zeitschr.  f.  anorg.  Ch.,  XIII,  p.  140. 

§  Joum.  Soc.  Chem.  Ind.,  1902,  p.  322. 
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before  the  end-point  is  reached.  On  the  other  hand,  correct 
results  may  be  obtained  if  the  tip  of  the  burette  containing  the 
acid  dips  into  the  alkaline  solution.  This  is  important,  for  in 
this  way  a  convenient  method  is  obtained  for  determining  the 
amount  of  hydroxide  in  the  presence  of  carbonate. 

3.  Determination  of  Alkali  Carbonate  and  Hydroxide  in  the 

Presence  of  one  Another. 

(a)  Method  of  C,  Winkler, 

Of  the  many  methods  which  have  been  proposed  for  this  deter- 
mination that  of  Winkler  is  the  best. 

In  one  portion  the  total  amount  of  alkali  present  is  determined 
by  titration  with  acid,  using  methyl  orange  as  an  indicator,  and 
the  hydroxide  in  a  second  portion  is  determined  as  follows:  The 
solution  is  treated  with  barium  chloride  solution,  when  the  follow- 
ing reaction  take  place: 

Na,C03-hBaCl,=  2NaCl+BaC03  (insoluble). 

The  sodium  of  the  carbonate  is  transformed  into  neutral  sodium 
chloride,  while  insoluble  barium  carbonate  is  precipitated  from  the 
solution.  If  the  solution  containing  phenolphthalein  is  slowly 
titrated  with  hydrochloric  acid  with  constant  stirring,  decoloriza- 
tion  is  effected  as  soon  as  the  hydroxide  is  neutralized.  The 
amount  of  acid  used  corresponds  to  the  amount  of  hydroxide 
originally  present. 

Example: 

1.  20  c.c.  (NajCOs+  NaOH)  require  T  c.c.  ^  acid  for  NajCOs+NaOH, 

2.  20c.c.(NajCO8-fNaOH)      "       '    "  ^   "     "  NaOH  alone, 

so  that 

N 
20  c.c.  (NajC08+ NaOH)  require  T-t  c.c.  j^  acid  for  NajCO,; 

20  c.c.  of  the  solution,  therefore,  contain 

(a)  /X0.004006gm.  NaOH, 

(6)  (r- OX 0.005305 gm.  NajCO,. 

Remark. — It  has  been  proposed  to  add  an  excess  of  barium 
chloride  solution  to  the  mixture  of  alkali  carbonate  and  hydroxide 
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contained  in  a  measuring-flask,  then  dilute  to  the  mark,  thoroughly 

mix,  and  filter  through  a  dry  filter;  for  the  titration  an  aliquot 
part  of  the  filtrate  is  taken.  This  method,  however,  will  only  give 
accurate  results  when  the  water  used  for  the  dilution  is  absolutely 
free  from  carbon  dioxide,  and  this  will  be  the  case  onlv  when  it 
is  previously  boiled  with  a  current  of  air  free  from  carbon  dioxide 
passing  through  it.  Further,  no  attention  is  paid  to  the  volume 
occupied  by  the  precipitated  barium  carbonate,  and  in  the  case 
of  a  large  amount  of  the  latter,  a  considerable  error  is  introduced. 
The  method  of  Winkler  does  not  have  these  disadvantages.  Care 
must  be  taken,  however,  with  regard  to  the  addition  of  the  hydro- 
chloric acid  in  the  titration;  unless  it  is  added  very  slowly  some 
of  the  barium  carbonate  will  be  acted  upon  before  the  end-point 
is  reached. 

{h)  Method  of  R.  B.  Warder. 

To  the  cold  *  solution  containing  phenolphthalein,  hydro- 
chloric acid  is  added  and  the  liquid  is  gently  stirred  with  a  glass 
rod.  Decolorization  takes  place  when  all  of  the  hydroxide  and 
half  of  the  carbonate  are  neutralized: 

NaOH+  HCl=NaCl+  H^O, 
Na2C0s+  HCl  =  NaCl+  NaHCOg. 

To  the  colorless  solution,  methyl  orange  is  added,  and  the 
solution  is  again  titrated  with  acid  until  the  other  half  of  tlie  car- 
bonate is  neutralized,  when  the  solution  turns  pink. 

If  the  amount  of  acid  used  for  the  titration  with  phenolphtha- 
lein is  represented  by  7\  and  that  necessary  for  the  titration  with 
methyl  orange  by  t,  then 

2t  c.c.  corresponds  to  the  amount  of  carbonate  present,  and 
T—2t  represents  the  amount  of  hydroxide. 

4.  Determination  of  Alkali  Bicarbonates. 

The  solution  is  titrated  in  the  cold  until  an  orange  color  is 
obtained  with  methyl  orange,  or  until  a  colorless  solution  is  obtained 
by  titrating  hot  with  phenolphthalein. 

J  ^  ■■■_■  _-_-■  -^ 

*  The  results  are  accurate  only  when  the  solution  is  at  0°.  Cf.  Kiistcr^ 
Zeitschr.  f.  anorg.  Chem.,  XIII,  p.  134  (18C7). 


DETERMINATION  OF  ALKALI  CARBONATES,  451 

5.  Detennination  of  Alkali  Carbonates  in  the  Presence  of 

Alkali  Bicarbonates. 

(a)  Method  of  C.  Winkler. 

The  total  alkali  is  determined  in  one  portion  by  titration 
with  hydrochloric  acid,  using  methyl  orange  as  an  indicator,  and 
in  a  second  portion  the  amount  of  bicarbonate  is  determined  as 
follows : 

A  definite  volume  of  the  solution  is  treated  with  an  excess 
of  sodium  hydroxide,  by  which  means  the  bicarbonate  is  changed 
to  neutral  carbonate: 

NaHCOa+  NaOH  =  NajCOs+  HjO. 

The  solution  now  contains  sodium  carbonate  with  the  excess 
of  sodium  hydroxide,  and  the  amount  of  the  latter  is  determined 
as  described  under  3.  In  other  words,  barium  chloride  is  added, 
then  phenolphthalein,  and  the  solution  is  titrated  until  colorless. 
The  amount  of  acid  now  used  corresponds  to  the  excess  of  sodium 
hydroxide  added,  and  if  this  amount  is  deducted  from  the  total 
sodium  hydroxide,  the  corresponding  amount  of  bicarbonate 
will  be  obtained. 

Example: 

N 
25  c.c.  NajCOg+NaHCOg  required  T  c.c.  —  acid  for 

Na^COs+NaHCO,; 

25  c.c.  NajCOa+NaHCOg-f-ri  c.c.  ^  NaOH  +  BaCl, 

N 
required  t  c.c.  jtt  acid  for  the  excess  of  NaOH; 

N 
25  c.c.  Na^COs  -f  NaHCOj,  therefore,  require   T^  —  t  c.c.  —  acid 

for  the  NaHCOs    and     T^{T^^t)  c.c.  ^  acid  for  the  NajCOa. 
25  c.c.  of  the  original  solution  contain 


(a)  (r,-0xO.OOcS4O6  gm.  NaHCO,, 
(6)  (r-T,-fOX0.005305gm.  NaaCO,. 
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Remark, — ^In  order  to  make  sure  that  enough  sodium  hydrox- 

N  ' 
ide  solution  is  present,  the  same  amount  of  the  —  alkali  is  added 

N 
as  there  were  cubic  centimeters  used  of  r^  acid  in  the  deter- 
mination of  the  total  alkali;  in  this  case,  then,  7=T|,  and  t,  the 
excess  of  alkali,  corresponds  at  the  same  time  to  the  amount  of 
Na,COj  present.  The  caustic  alkali  solutions,  even  when  origi- 
nally free  from  carbonate,  gradually  absorb  it  from  the  air,  so  that 
in  every  case  the  amount  of  carbonate  in  the  alkali  should  be  deter- 
mined before  making  the  above  analysis  and  a  corresponding 
correction  applied  to  the  calculation. 

(6)  MeOiod  of  Warder  * 

Using  phenolphthalein  as  indicator  and  with  the  tip  of  the 
burette  reaching  into  the  liquid,  the  solution  is  titrated  with  hydro- 
chloric acid  until  colorless,  and  in  this  way  half  of  the  carbonate  is 
determined.  Methyl  orange  is  then  added  and  the  solution 
titrated  until  a  pink  color  is  obtained  (it  is  now  unnecessary  to 
have  the  tip  of  the  burette  dip  into  the  solution)  and  in  this  way 
the  total  amount  of  the  bicarbonate  together  with  half  of  the  car- 
bonate is  determined.  If  i  represents  the  amount  of  acid  used  in 
the  first  titration,  and  T  the  total  amount  used,  then: 

2i  c.c.  of  acid  correspond  to  the  amount  of  carbonate  and 
(T— 2t)  c.c.  correspond  to  the  bicarbonate. 


6.  Determination  of  Alkaline-earth  Hydroxides. 

The  solution  containing  phenolphthalein  is  titrated  until  color- 
less. 

7.  Determination  of  Alkaline-earth  Carbonates. 

The  carbonate  is  dissolved  in  an  excess  of  the  standard  acid, 
boiled  to  remove  the  carbon  dioxide,  and  the  excess  of  acid  titrated 
with  alkali,  using  methyl  orange  as  indicator  in  cold  solution. 

*  Cf.  Am.  Ch.  Jouni.,  8,  No.  1,  and  Chem.  News,  43,  228. 
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8.  Determination  of  Alkaline-Earth  Oxide  together  with 

Alkaline-Earth  Carbonate. 

Suppose,  for  example,  it  is  desired  to  determine  the  amount  of 
oxide  and  carbonate  in  a  sample  of  "quicklime."  The  lime  is 
broken  up  into  pieces  about  the  size  of  a  pea,  exactly  14  gms.  are 
accurately  weighed  out  and  slaked  with  boiled  water,  the  paste  is 
washed  into  a  500-c.c.  flask  and  diluted  to  the  mark  with  wat«r 
free  from  carbon  dioxide.  After  thoroughly  mixing,  50  c.c.  of 
the  turbid  liquid  is  transferred  to  a  second  500-c.c.  flask  and 
again  diluted  to  the  mark. 

Determination  of  the  Total  Calcium. — 50  c.c.  (0.14  gm.  of  sub- 

N 
stance)  of  the  last  solution  are  treated  with  60  c.c.  of  —  hydro- 
chloric acid  and  heated  until  there  is  no  further  evolution  of  car- 
bon dioxide,  the  solution  is  cooled,  and  the  excess  of  the  acid 

N 
titrated  with  -^  caustic  soda  solution,  using  methyl  orange  as 

an  indicator.    For  this  purpose  t  c.c.  of  the  latter  are  required; 

N 
consequently  60— <  c.c.  t^  acid  were  necessary  to  neutralize  the 

calciimi  hydroxide  and  calcium  carbonate  in  the  50  c.c.  of  the 

solution  taken  for  analysis. 

Determination  of  the  Calcium  Oxide, — ^A  second  portion  of  the 

N 
freshly-shaken   solution    is   titrated    with  —   hydrochloric    acid 

added  drop  by  drop  to  the  cold  solution,  using  phenolphthalein 

as  an  indicator.    Assume  that  ^  c.c.  of  the  acid  were  necessary  to 

neutralize  the  calcium  oxide. 

Consequently,  for  the  neutralization  of  the  CaCO,+  CaO  = 

N  N 

60— tec.  :r^  acid  were  required,  and  for  the  CaO,  t^  c.c.  —  acid 

were  necessary.    For  the  neutralization  of  the  CaCO,,  therefore, 

N 
60— (t+ti)  c.c.  —  acid  were  necessary. 

50  c.c.  solution  (0.14  gm.  lime)  contain; 

(a)  tiX  0.0028  gm.  CaO, 

(6)  [60-  (t-fii)]X  0.005  gm,  CaOO,, 
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and  in  per  cent. 

0.14  :<,X  0.0028 =100:  a; 

X  =  ^  f.    '.    =^2L  per  cent.  CaO 
0.14 

and 

0. 14 :  [60  -  («+ OlX  0.005  =  100 :  Xi 

^^[60-(^+O]X0.5^60-|+O ^^ ^^^^  ^^^^ 

• 

9.  Determination  of  Alkaline-Earth  Bicarbonates. 

This  determination  finds  a 'practical  application  in  the  deter- 
mination of  the  temporary  hardness  of  water. 

The  hardness  of  a  water  is  caused  by  the  presence  of  alkaline- 
earth  salts,  either  those  with  strong  acids  (CaSO^,  MgCy  or  bicar- 
bonates. A  hard  water  is  recognized  by  the  fact  that  it  gives 
with  a  clear  soap  solution  a  turbidity  or  even  a  precipitate,  and 
considerable  soap  must  be  added  before  a  lather  is  obtained  on 
shaking.  As  in  a  majority  of  cases  calcium  salts,  and  in  fact 
calcium  bicarbonate,  predominates  in  such  a  solution,  its  hard- 
ness is  usually  expressed  in  parts  of  calcium  carbonate  (or  calcium 
oxide)  in  100,000  parts  of  water. 

If  the  solution  contains  1  part  of  calcium  carbonate  in  100,000 
parts  of  water  it  is  said  to  possess  one  degree  of  hardness  (French) ; 
if  such  a  water  contains  n  parts  of  CaCO,  in  the  same  quantity  of 
water  it  possesses  n  degrees  of  hardness.  In  Germany  the  hard- 
ness is  expressed  in  parts  of  CaO  per  100,000  parts  of  water,  while 
in  England  the  hardness  is  expressed  in  grains  of  calcium  carbon- 
ate per  gallon.  When  magnesium  salts  are  present,  these  are 
expressed  in  terms  of  the  equivalent  amounts  of  CaCJO,  or  CaO. 
The  error  caused  by  this  assumption  is  not  great,  for  the  amount 
of  magnesium  present  is  usually  small  compared  with  the  amount 
of  calcium.  If  a  water  containing  calcium  bicarbonate  and  cal- 
cium sulphate  is  heated  to  boiling,  the  former  is  decomposed  with 
the  precipitation  of  calcium  carbonate, 

CaC03.H,C03=H,0+  CO2+  CaCO,, 

while  the  calcium  sulphate  remains  in  solution.    In  other  words, 
the  hardness  produced  by  the  presence  of   alkaline-earth  bicar- 
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bonates  disappears  on  boiling,  and  is  designated,  therefore,  as 
"temporary  hardness"  to  distinguish  it  from  "permanent  hard- 
ness/' which  is  usually  caused  by  alkaline-earth  salts  of  the 
stronger  acids,  usually  calcium  sulphate.  The  sum  of  the  tem- 
porary' and  permanent  hardness  of  a  water  represents  the  total 
hardness 

According  to  C.  Hehner,  the  temporary  as  well  as  permanent 
hardness  may  be  determined  accurately  by  an  alkalimetric  process. 

(a)  Determination  of  Temporary  Hardness. 

100  c.c.  of  the  water  to  be  examined  are  placed  in  a  white  por- 
celain evaporating-diflh,  a  few  drops  of  methyl  orange  are  added 

N 
and  the  solution  is  titrated  with  —  hydrochloric  acid  imtil  the 

first  change  from  yellow  to  orange  takes  place.    From  the  amount 
of  hydrochloric  acid  used  the  amount  of  calcium  carbonate  present 
is  calculated. 
Example: 

N 
100  c.c.  water  required  2.5  c.c.  :r^  hydrochloric  acid. 

As  1000  c.c.  rr:  hydrochloHc  acid  neutralize  — ^^'=5  gms.  CaCOs, 

N 

1  c.c.  ~  hydrochloric  acid  will  neutralize  0.005  gm.  CaOOs  and 

N 
2.5  c.c.  of  —  hydrochloric  acid  corresponds  to  0.005X2.5  =  0.0125 

gm.  CaCOg. 

Then  if  100  c.c.  of  water  contain  0.0125  gm.  CaCOj,  100,000  c.c. 
of  water  will  contain  12.5  gms.  CaCO,. 

The  hardness  of  the  water  corresponds  to  12.5  French  degrees, 
or  as 

CaCO, :  CaO 

100: 56= 12.5  :x 

66X12.5 


100 


=0.56X12.5  =  7.0  German  degrees. 
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(6)  DdermivaJbUm  of  the  Permanent  Hardness. 

Another  portion  of  100  c.c.  of  the  water  is  treated  with  an 

N 
excess   of  j^   sodium    carbonate    solution,  evaporated    on    the 

water-bath  to  dryness,  and  taken  up  in  a  little  freshly-boiled, 

distilled  water.     The  residue  is  filtered  and  washed  four  times 

with  hot  water,  while  the  filtrate  is  allowed  to  cool  and  afterwards 

N 
titrated  with  j^  hydrochloric  acid.    If  the  amount  of  hydrochloric 

acid  used  for  the  titration  is  deducted  from  the  total  amoimt  of 
sodiimi  carbonate  added  to  the  water,  the  difference  represents  the 
amount  of  sodium  carbonate  required  for  the  precipitation  of  the 
alkaline-earth  salts  of  the  strong  acids. 

N 
Example. — 100  c.c.  of  water +10  c.c.  -rj:  NajCOj  were  evapo- 
rated to  dryness,  the  residue  extracted  with  water,  and  the  filtrate 

N 
titrated  with  tjt  hydrochloric  acid;   this  required  8.7  c.c.  of  HCl. 

Consequently,    for    the    precipitation    of    the    calcium    sulphate 

N 
10—8.7  =  1.3   c.c.    T^NajCOj     were     necessary,    which    corie- 

sponds  to 

1.3X0.005=0.0065  gm.  CaCO,  per  100  c.c.  water  and 
6.5  gms.  CaCOj  per  100,000  c.c.  water. 

The  permanent  hardness  amounts  to  6.5  French  degrees  or 
6.5X0.56=3.64  German  degrees. 

Remark, — ^The  above  methods  of  Hehner  for  the  determina- 
tion of  hardness  will  give  reliable  results  only  when  the  water 
contains  no  alkali  carbonates  in  solution,  as  is  usually  the  case 
with  drinking-waters.  For  the  determination  of  the  amount 
of  alkaline  earth  present  in  many  mineral  vxUers  it  is  obvious 
that  these  methods  cannot  be  used. 

Determination  of  Alkaline-earth  Salts  of  Strong  Acids. 

The  determination  is  practically  the  same  as  was  indicated 
above.     The  alkaline-earth  salt  is  precipitated  by  means  of  an 
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excess  of  titrated  sodium  carbonate  solution,  and  after  filtration 
the  excess  of  the  latter  is  determined  by  titrating  back  with  acid. 

Procedure. — ^A  solution  containing  calcium  chloride  and  hydro- 
chloric acid  is  to  be  analyzed.  It  is  placed  in  a  measuring-flask, 
treated  with  a  few  drops  of  methyl  orange  and  with  sodium 
hydroxide  solution  xmtil  the  neutral  point  is  reached,  after  which 
an  accurately  measured  amount  of  sodium  carbonate  solution  is 
added.  The  solution  is  heated  until  the  precipitated  calcium 
carbonate  becomes  crystalline,  allowed  to  cool,  diluted  up  to  the 
mark,  mixed,  filtered  through  a  dry  filter,  and  the  excess  of  sodium 
carbonate  titrated  in  an  aliquot  part  of  the  filtrate.  From  the 
amount  of  sodium  carbonate  required  for  the  precipitation  of  the 
calcium  the  amount  of  the  metal  can  be  calculated. 

Remark. — Other  metals  which  are  precipitated  by  sodium  car- 
bonate can  be  determined  in  this  way. 

B.  ACIDIMETRT. 

Acids  are  determined  either  by  titration  with  standard  alkali 
solution  or  a  known  amount  of  the  latter  is  added  and  the  excess 
titrated  with  standard  acid.  The  latter  method  requires  more 
burette  readings  and  is,  therefore,  less  satisfactory  than  the 
former. 

Determination  of  the  Acid  Contents  of  Dilute  Mineral  Acids 

(HCl,  HNO3,  HjSO,). 

The  specific  gravity  of  the  acid  is  determined  by  means  of  an 
areometer  and  from  the  tables  in  the  back  of  this  book  the  approx- 
imate amount  of  acid  present  is  determined.  A  weighed  amount 
of  the  acid  is  then  diluted  so  that  the  solution  will  have  approxi- 
mately the  same  concentration  as  that  of  the  alkali  to  be  used 
for  the  titration.    It  is  analyzed  by  one  of  the  following  methods: 

1.  An  accurately-measured  portion  of  the  diluted  acid  (20  to 
25  c.c.)  is  placed  in  a  beaker,  methyl  orange  is  added,  and  the 
solution  is  titrated  with  sodium  hydroxide  solution  until  a  yellow 
color  is  obtained. 

2.  The  dilute  solution  to  be  analyzed  is  placed  in  a  burette, 
and  with  it  a  definite  amount  of  normal  alkali  is  titrated. 
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N 
3.    A  definite  volume  of  the  diluted  acid  is  titrated  with  -^ 

Ba(OH)j  solution  or  with  sodium  hydroxide  free  from  carbonate, 

using  phenolphthalefn  as  an  indicator.* 

N 
Example. — ^For  the  analysis  ^  NaOH  is  at  hand. 

The  hydrochloric  acid  to  be  analyzed  had  at  15**  C.  a  specific 
gravity  of  1.122,  corresponding  to  about  24  per  cent.  HCl  by 
weight. 

1000  c.c.  —  sodium  hydroxide  are  equivalent  to  — oT"^ — ^^ 

N 
-=  18.23  gms.  Ha,  and  100  c.c.  ^  NaOH  neutralize  1.823  gms.  HCl. 

Consequently 

100:24=x:  1.823 

182  3 
x=— ^^  =  7.595  gms.  of  the  above  acid 

N 
would  be  required  to  make  100  c.c.  of  -^  acid,  if  it  contained  exactly 

24  per  cent.  HCl.     About  this  quantity  (say  8  gms.)  is,  therefore, 

weighed  out,  and  as  the  specific  gravity  of  the  solution  is  1.122, 

g 
this  will  require  ^  1^9^^-^  ^•^-    About  7  c.c.  of  the  acid  are  placed 

in  a  tared,  glass-stoppered  weighing-tube,  the  tube  and  its  con- 
tents weighed,  the  latter  washed  into  a  100-c.c.  measuring-flask 
and  diluted  with  distilled  water  up  to  the  mark.  After  thoroughly 
mixing,  25  c.c,  of  the  acid  are  measured  off  and  analyzed  by  one 
of  the  above  methods.  Assume  that  the  original  weight  of  the  acid 
amounted  to  1.9623  gms.  and  that  25  c.c.  of  the  diluted  acid  re- 

N 
quired  25.80  c.c.  of  y  alkali,  then  100  c.c.  would  require  25.80x4= 

N 
103.2  c.c.  of  ^  alkali,  corresponding  to   103.2x0.01823=1.8813 


*  When  phenolphthalcin  is  used  as  an  indicator  in  cold  solutions  the 
adds  must  be  dilute  with  water  free  from  carbonate. 
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gms.  HCl  and  n  per  cent. 

7.962:1.881=  100:x 

-tOQ  1 

x=^^=23.6  per  cent.  HCl. 

Remark. — ^Instead  of  weighing  out  the  acid  for  the  analysis, 
it  can  be  measured  and  from  the  per  cent,  by  volume  found  the 
per  cent,  by  weight  calculated.  As,  however,  the  specific  grav- 
ity as  determined  by  an  areometer  is  not  very  accurate,  it  is  better 
to  weigh  the  acid.* 

Analysis  of  Commercial  Hydrous  Stannic  Chloride. 

Stannic  chloride,  as  used  for  a  mordant  in  dyeing,  is  obtained 
as  the  soUd  salt  SnQ^-f  SHjO,  or  in  a  concentrated  aqueous  solu- 
tion of  about  50°  B6. 

The  latter  is  obtained  by  dissolving  metallic  tin  in  hydro- 
chloric acid  and  oxidizing  the  stannous  chloride  formed  either 
with  potassium  chlorate  or  potassium  nitrate.  The  preparation 
should  contain  no  free  acid,  especially  nitric  acid,  no  stannous 
chloride,  and  no  iron.  The  substance  is,  therefore,  tested  quali- 
tatively for  these  substances  as  follows: 

For  stannous  chloride,  by  dissolving  in  water  (or  diluting  the 
concentrated  solution)  and  adding  mercuric  chloride;  a  white 
precipitate  of  mercurous  chloride  shows  the  presence  of  bivalent 
tin. 

For  nitric  acid,  by  means  of  ferrous  sulphate  and  concentrated 
sulphuric  acid. 

For  sulphuric  acid  (caused  by  the  use  of  impure  hydrochloric 
acid  in  the  preparation  of  the  salt)  with  barium  chloride. 

For  iron,  with  potassium  sulphocyanate. 

The  solid  salt  SnCl^+SHjO,  made  by  treating  anhydrous 
stannic  chloride  with  the  calculated  amount  of  water,  is  almost 
always  found  to  be  very  pure. 

♦  If  the  specific  gravity  of  the  acid  is  taken  with  a  pycnometer,  using 
all  necessary  precautions  (cf.  Kohlrausch,  Leitfaden  der  praktischen  Physik), 
it  is  a  matter  of  indifference  whether  the  acid  used  for  the  analysis  is  weighed 
or  measured. 
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The  gravimetric  determination  of  both  the  tin  and  the  chlo- 
rine has  been  described  on  p.  243,  but  here  will  be  given  a  method 
for  determining  the  amount  of  the  latter  volumetrically. 

If  stannic  chloride  is  diluted  with  water,  the  salt  is  hydro- 
lytically  decomposed,  and  the  solution  reacts  acid: 

SnCl,+  4H0H  ^  Sn(OH),+  4HCL 

Consequently  if  methyl  orange  is  added  to  the  diluted  solu- 
tion, the  amount  of  acid  may  be  titrated  with  caustic  soda  solu- 
tion, and  from  the  amount  used  the  chlorine  combined  with  the 
tin  can  be  calculated^  provided  no  other  acid  is  present.  If  the 
stannic  chloride  was  prepared  by  oxidation  with  potassium 
chlorate  or  nitrate,*  the  solution  will  also  contain  chlorine  com- 
bined with  potassium.  The  total  chlorine  can  be  determined  by 
adding  a  few  drops  of  neutral  potassitun  chromate  solution  to 
the  solution  which  has  been  titrated  with  sodium  hydroxide,  and 
titrating  with  silver  nitrate  solution.  If  in  this  way  more  chlo- 
rine is  found  than  corresponds  to  the  amount  of  hydrochloric 
acid  neutralized  by  the  alkali,  the  difference  is  expressed  in  terms 
of  potassium  chloride.  If,  on  the  other  hand,  less  chlorine  is  found, 
the  presence  of  some  other  acid  in  the  tin  solution  is  assured. 

To  illustrate  the  accuracy  of  such  an  analysis,  the  following 
results  will  be  given:  A  sample  of  solid  stannic  chloride 
(SnCl4+5H20)  was  analyzed  gravimetrically,  as  described  on 
p.  243.  It  was  found  to  contain  42.02  per  cent,  of  chlorine  and 
34.73  per  cent,  of  tin. 

Two  portions  were  then  analyzed  volumetrically  by  titration 

first  with  sodium  hydroxide  and  then  with  silver  nitrate: 

N 
A.  0.8533  gra.  of  tin  salt  required  20.06  c.c.  -^  sodium  hy-' 

N  N 

droxide  and  20.34  c.c.  y  silver  nitrate.    As  1  c.c.  ^  solution  corre- 

N 
sponds  to  0.01773  gm.  of  chlorine,  it  is  evident  that  20.06  c.c.  -^ 


*  The  potassium  nitrate  is  acted  upon  by  the  excess  of  hydrochloric  acid 
present  forming  the  chloride,  and  the  excess  of  the  acid  is  afterwards  removed 
by  evaporation  as  much  as  possible. 
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sodium  hydroxide  represent  20.06X0.01773=0.3556  gin.  chlorine 

N 
or  41.67  per  cent.  CI,  and  20.34  c.c.  -^  silver  solution  show  20.34X 

0.01773  «  0.3605  or  42.25  per  cent.  CI. 

IQTQr.  o 


N 
B.  0.8383  gm.  of  tin  salt  required  19.79  c.c.  -^  sodium  hydroxide 


N  N 

and  19.92  c.c.  -^  silver  nitrate.   19.79  c.c.  -^  sodium  hydroxide 

represent  19.79  X  0.01773= 0.3508  gm.  chlorine  or  41.84  per  cent.  CI. 

N 
s    19.92   c.c.  -K  silver  solution   show  19.92X0.01773=0.3531   gm. 

chlorine  or  42.12  per  cent.  CI. 

The  above  analysis  shows  that  the  tin  salt  was  practically  free 
from  potassium  chloride  by  the  comparative  agreement  of  the 
results  obtained  by  titration  with  sodium  hydroxide  with  those  of 
the  silver  nitrate  titration.  In  the  absence  of  free  hydrochloric 
acid^  the  tin  can  be  determined  from  the  amount  of  chlorine  found* 

4C1       Sn 
141.80:118.5=41.75  *:a: 

x= 34.89  per  cent,  tin,  instead  of  34.73  per  cent,  as  found  gravi- 
metrically. 

Remark. — It  is  only  permissible  to  compute  the  amoimt  of  tin 
present  from  the  amount  of  chlorine  found  by  titration  when 
there  is  no  free  hydrochloric  acid  present.  It  is  never  possible 
to  know  whether  this  is  the  case  or  not,  so  that  the  volumetric 
determination  is  only  useful  as  a  check  upon  the  gravimetric 
method. 

Determination  of  the  Acid  Contents  of  Fuming  Acids. 

Highly  concentrated  acids  must  be  always  weighed  and  not 
measured,  in  order  to  avoid  loss  Ijy  evaporation.  The  weighing 
is  best  accomplished  by  means  of  the  Lunge-Rey  pipette,  shown 
in  Fig.  72. 

*  41.75  is  the  mean  of  the  values  obtiuned  by  titration  with  alkali. 
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The  lower  tube  is  removed,  i  c.c.  of  water  is  placed  within 
it,  and  this  is  weighed  together  with  the  dry  upper  pipette,  but  the 
two  parts  are  left  unconnected.  The  lower  stop-cock  is  closed,  the 
upper  one  opened,  and  a  slight  vacuum  is  produced 
in  the  bulb  by  sucking  through  the  upper  tube  and 
then  closing  the  stop-cock.  The  dry  point  of  the 
pipette  is  now  introduced  into  the  fuming  acid 
(in  the  case  of  solid  pyrosulphuric  acid  it  is  first 
liquefied  by  warming  slightly)  and  the  lower  stop- 
cock is  opened.  As  soon  as  the  widened  part  of  the 
pipette  below  the  lower  bulb  is  J  to  |  full,  the  stop- 
cock is  closed,  taking  care  that  none  of  the  liquid 
reaches  up  to  it. 

The  acid  on  the  outside  of  the  pipette  is  care- 
fully wiped  off  with  filter-paper;  the  two  parte  of  the 
pipette  are  now  connected  for  the  first  time  and 
again  weighed.     The  amount  of  acid  taken  for  the 
analysis  should  amount  to  from  0.5  to  I  gm.     The 
point   of  the  pipette   b   then   dipped   into   about 
100  c.c.  of  distdled   water  contained   in  a  beaker. 
PiQ.  72.         ^pjI^  ijj!  opening  first  the  upper  stop-cock  and  then 
the  lower,  the  acid  is  allowed  to  run  into  the  water.     The  amount 
remaining  in  the  two  parts  of  the  pipette  is  also  washed  into  the 
beaker. 

If  the  acid  to  be  analyzed  ia  hydrochloric  or  sulphuric  acid, 
methyl  orange  is  added  and  the  solution  is  titrated  with  a  half- 
normal  sodium  hydroxide.  If  it  is  nitric  acid,  an  excess  of  sodium 
hydroxide  is  first  added,  then  a  fittle  methyl  orange,  and  the  titra- 

N 
tion  is  completed  with  -^  hydrochloric  acid.*    When  one  of  the 

above  pipettes  is  not  available,  the  weighing  out  of  the  sample 
for  analysis  can  be  effected  as  follows:  A  thin- walled  bulb  with 
about  1  c.c.  capacity  is  blown  between  two  ends  of  capillary  tubing. 
After  weighing,  the  upper  piece  of  capillary  tubing  is  connected 
with  a  small,  ordinary  pipette,  at  the  ends  of  which  are  attached 

*  In  thia  way  the  action  of  the  ever-preaent  nitrous  arid  upon  tin  indi- 
cator is  avoided. 
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pieces  of  rubber  tubing,  and  the  latter  are  closed  with  pinch-cocks. 
The  bulb  is  filled  as  follows: 

The  lower  pinch-cock  is  closed,  the  upper  one  opened,  and  a 
vacuum  produced  by  sucking  through  the  upper  tube  and  then 
closing  the  pinch-cook.  The  lower  point  of  the  weighed  tube  is 
introduced  into  the  acid  and  the  lower  pinch-cock  opened.  When 
the  small  bulb  is  one-third  full  the  pinch-cock  is  closed,  the  upper 
end  of  the  capillary  tubing  is  melted  together,  and,  after  wiping 
off  the  acid  from  the  outside,  the  lower  end  is  likewise  sealed, 
and  the  bulb  weighed.  About  100  c.c.  of  water  are  placed  in  a 
flask  with  a  closely  fitting  ground-glass  stopper,  the  weighed  bulb 
is  thrown  in,  and  it  is  broken  by  shaking.  In  this  way  the  very 
strongest,  fuming  sulphuric  acid  can  be  dissolved  in  water  with- 
out loss.  On  the  other  hand,  the  pipette  shown  in  Fig.  72  is  not 
so  good  for  the  weighing  out  of  an  acid  containing  70  per  cent,  or 
more  of  SO3.  If  the  acid  is  not  too  concentrated,  this  bulb  may 
be  emptied  as  was  described  for  the  pipette. 

For  the  analysis  of  the  solid  anhydride,  Stroof  places  a  little 
in  a  dry  weighing  tube,  and  concentrated  sulphuric  acid  of  known 
strength  is  added  until  a  fuming  acid  of  about  70  per  cent.  SO, 
is  obtained.  To  effect  solution,  the  mixture  is  warmed  to  about 
30**  to  40®  C.  in  a  loosely  stoppered  bottle.  The  acid  thus 
obtained  is  analyzed  as  above. 

Computation  of  the  SO,  Contents  of  a  Fuming  Sulphuric  Acid. 

The  above  titration  gives  not  only  the  sulphuric  anhydride 

present,  but  also  the  never-failing  SO,.    In  a  separate  portion^ 

therefore,  the  amount  of  the  latter  is  determined  by  titration 

N 
with  a  Yn  iodine  solution  (see  lodimetry),  an  equivalent  amount 

is  subtracted  from  the  total  amount  of  sodium  hydroxide  used, 
and  from  the  difference  the  total  SO,  present  is  computed. 

With  regard  to  the  SO,,  the  following  reactions  take  place 
during  the  titrations: 

H,SO,-f  NaOH= NaHSO,+H,0 
H,SO,+H,0+2I=2HI+H,SO, 
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It  is  to  be  noted  in  the  first  reaction  that,  although  sulphurous 

acid  is  a  dibasic  acid,  the  end-point  is  reached,  with  methyl  orange 

as  an  indicator,  when  the  first  hydrogen  atom  has  been  neutralized. 

From  the  two  equations,  then,  it  is  evident  that  2  gm.  atoms  of 

N 
iodine  are  equivalent  to  1  gm.  molecule  of  NaOHj  or  1  c.c.  j^  iodine 

N 
solution  is  equivalent  to  \  c.c.  -r^  sodium  hydroxide. 

N  N 

Since,  in  general,  5  c.c.  ^  solution  ==  1  c.c.y  solution,  then 

N  N 

1  c.c.  TjT  solution=^  c.c.  ^  solution, 

N  N 

and  in  the  given  case  1  c.c.  -r^  iodine^^Vcc.  -^  sodiimi  hydroxide; 

N 
so  that  if  T  c.c.  -^  alkali  were  used  in  the  first  titration  of  the 

N 
total  acid  present,  and  i  c.c.  of  rrz  iodine  solution  for  the  oxidation 

of  the  sulphurous  acid,  it  is  plain  that  T—j^  represents  the  amount 

of  alkali  necessary  for  the  neutralization  of  the  total  sulphuric  acid. 
The  SO,  is  determined  by  an  indirect  analysis. 
We  will  assume  that  the  fiuning  acid  consisted  of 

H,S04=a; 
SO,=  y 
SO,- a 


100 
then  100— a=x+y. 

In  order  to  determine  x  and  y  a  second  equation  is  necessary, 
and  this  is  found  from  the  titration  of  the  total  sulphuric  acid. 
Assume  that,  after  the  deduction  corresponding  to  the  amount  of 
SO2  has  been  made,  the  total  amount  of  HjS04  was  found  to  be 
p  per  cent.,  then: 

1.  x+y   =100-a 

2.  z-\-my'=  p 

p-fa-100  .    c,^ 

y=- 1 — ^=per  cent.  SOj 
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aj=100-(a+2/)=per  cent.  HjSO^ 


H^SO,    98.08 
80.06 
and 

w- 1  =  0.2251 


In  equation2,      m=^^^^'=?^^=  1.2251 


Example* — 3.5562  gms. of  fuming  acid  were  diluted  to  500 c.c, 
and  of  this  amount  100  c.c. =0.71 12  gm,  were  taken  for  analysis. 

N 

1.  100   c.c.   required   5.40   c.c.   -^  iodine  =  5.4  X  0.003203= 

0.01730  gm.  SO,=  2.43  per  cent.  80,= a. 

N 

2.  100  c.c.  required  34.40  c.c.  -^  sodium  hydroxide. 

From  the  latter  must  be  deducted  0.54  c.c.  to  correspond  to 
the  amount  of  alkali  necessary  for  the  SO,.     34.40 — 0.54 = 33.86  c.c. 

33.86x0.02452=0.8305  gm.  £[,804=  116.7  per  cent.  =  p. 

If  these  values  are  introduced  in  the  above    equations  we 
obtain 

119.16-100     19.16     _„  ^  „ 

y 02251 ^0:2251=^-^^  ^'  "^^*-  ^^» 

and 

x= 100- (85.11 +2.43)= 12.46  per  cent.  H^O^. 

The  acid  contains,  therefore: 

Hj804=  12.46 1 
803=  85.11 
80,=     2.43 


100.00 


*  Lunge,  Zeitschr.  f.  angew.  Ch.,  1895,  p.  221. 

t  Like  all  indirect  analyses,  the  results  obtained  are  not  absolutely  accu- 
rate. Almost  all  fuming  acids  contain  solid  constituents  which  are  neg- 
lected in  the  above  calculation.  It  would  be  more  accurate  to  determine 
the  amount  of  the  latter  in  a  separate  portion,  by  weighing  the  residue  on 
ignition. 
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Preparation  of  Concentrated  Sulphuric  Acid  Mixtures  (M.  Gerster.) 

It  is  often  necessary  to  prepare  fuming  sulphuric  acid  of 
definite  concentration. 

Given: 

(a)    Fuming  sulphuric  acid  {A)  with  a  per  cent,  free  SO3. 

(6)  Sulphuric  acid  (B)  with  c  per  cent.  HjSO^  and  100— c  pei* 
cent,  water. 

A  fuming  acid  containing  h  per  cent,  free  SO,  is  desired. 

To  obtain  the  latter,  100  gms.  of  the  acid  A  are  mixed  with 
X  gms.  of  the  acid  B,  It  must  be  remembered,  however,  that  the 
water  in  the  acid  B  requires  SO,  in  order  to  form  100  per  cent* 
H^SO*: 

HaO-fSO,-H,SO,. 

The  acid  B  requires  for  the  water  present  in  each  100  gms 

H2O:SO,=  (100-c):y 

(100-0  SO,_(100-c)80.06_  .  ^g  go 

^~        H,0        "         18.02         -^-^UOO    c)gms.bU,. 

If   100  gms.  of  the  acid  B  require  4.44  (100— c)  gms.  SO,  from  A, 
then 
X  gms.  of  the  acid  B  require  0.0444  (100— c)  x  gms.  SO,  from  A, 

Now 

il  +  5 

(100+x)  :[a-0.0444  (100-c)x]  =  100:6 
^       100  (g- 6)      ^^     .  „ 
^=444+6-4.44  0^'- ^^^- 

Example, — ^The  fuming  acid  A  contains  25.5  per  cent,  free 
SO,=a, 

Sulphuric  acid  B  contains  98.2  per  cent.  H2S04=c. 

The  acid  desired  is  to  contain  19.0  per  cent.  S03=6. 

If  these  values  are  inserted  in  the  above  equations,  we  obtain 

100(25.5-19.0)         650    ^,  ^^  xx  o^     i> 

"^^444+19-4.44X98  2^  27^^^'^^ ^®-  ^^^''  ^ 


TITRATION  OF  HYDROXY  LA  MINE  SALTS,  ETC.  467 

We  must  add,  therefore,  24.07  gms.  of  the  98.2  per  cent,  sulphuric 
acid  to  100  gms.  of  the  fuming  acid  in  order  to  obtain  an  acid 
containing  19.0  per  cent,  of  free  SO3. 

Titration  of  Hydrozylamine  Salts. 

Hydroxylamine  hydrochloride  reacts  neutral  towards  methyJ 

orange  and  acid  towards  phenolphthalein.     If  the  latter  is  added 

to  an  aqueous  solution  of  the  salt,  and  the  titration  is  made  with 

N] 

^  alkali,  the  end-point  will  be  obtained  when  the  total  amount  of 

acid  present  has  been  neutralized  by  the  alkali.  It  is  impossible 
to  determine  the  amount  of  free  hydrochloric  acid  present 
when  phenolphthalein  is  used,  but  it  can  be  done  with  methyl 
orange.     Romijn  *  recommends  for  the  titration  of  the  acid  a 

jzr  borax  solution. 

Hydrofluoric  Acid. 

1000  e.c.  noimal  alkali -«HF« 20.01  gms.  HF. 

Hydrofluoric  acid  can  be  titrated  with  phenolphthalein  as  an 
indicator,  but  not  with  litmus  or  methyl  orange.  The  acid  is 
measured  out  into  a  platinum  dish  by  means  of  a  pipette  which  is 
covered  with  beeswax,  an  excess  of  sodium  hydroxide  free  from 
alkali  is  added,  and  the  excess  of  the  latter  is  titrated  in  hot 
solution  with  an  acid  of  known  strength.f 

Hydrofluosilicic  Acid. 

lOOOc.c.of  N.KOHorBa(OH)a8olution=M^?J=liil?=72.21  gms.  H^iF,. 

This  acid  can  only  be  titrated  with  potassium  or  barium  hydrox- 
ide in  the  presence  of  alcohol  (an  equal  volume  is  added)  and  using 
phenolphthalein  or  lacmoid  as  an  indicator  The  insoluble  potas- 
sium or  barium  salt  is  obtained: 

H2SiFe,+2KOH=  K,SiFe,+2HA 
HjSiFe,  -f  Ba(OH),=  BaSiFe-f  2H,0. 

'*'  Zeitsohr.  f.  anal.  Ch.,  36  (1897),  p.  19.  This  method  has  not  been  tested 
in  the  author's  laboratory. 

t  Cf.  Winkler,  Zeitschr.  f.  angew.  Ch.,  1902,  p.  33. 
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If  it  is  attempted  to  make  the  titration  with  sodium  hydroxide 
solution,  unreliable  results  will  be  obtained,  because  the  soluble 
sodium  silico-fluoride  is  decomposed  according  to  the  equation 

Na^SiFe,  -f  4NaOH = 6NaF  +  Si(OH), 

f^nd  thjs  decomposition  takes  place  gradually,  so  that  no  satisfac- 
tory end-point  can  be  obtained. 

Determination  of  Organic  Acids. 

Methyl  orange  cannot  be  used  for  the  titration  of  organic  acids, 
but  either  phenolphthalein  or  litmus  may  be  employed.  If  car- 
bonic acid  is  present  at  the  same  time,  the  titration  is  made  in  a  hot 
solution  (cf.  p.  441).  It  is  best  to  dilute  the  organic  acid  with 
water  free  from  carbon  dioxide,  add  phenolphthalein,  and  titrate 
with  half-normal  barium  hydroxide  in  the  cold. 

To  Ulitstrate. — ^It  is  desired  to  analyze  a  sample  of  acetic  anhy- 
dride. The  only  impurity  that  the  distilled  product  is  likely  to 
contain  is  acetic  acid,  so  that  it  is  a  question  of  determining  the 
amount  of  .acid  and  anhydride  in  the  presence  of  one  another. 
Such  a  problem  can  be  solved  only  by  an  indirect  analysis. 
The  mixture  is  weighed  out  in  a  small  glass  bulb  and  then 
thrown  into  an  accurately-measured  amount  of  standard  barium 
hydroxide  solution.  The  latter  is  contained  in  a  flask  which  is 
connected  with  a  return-flow  condenser  and  at  the  top  of  the 
condenser  a  soda-lime  tube  is  fitted.  The  contents  of  the  flask 
are  warmed  gently  until  the  oil  has  completely  dissolved;  it  is 
thereby  changed  to  acetic  acid, 

^H»gQ^+H,0= 2CH,C00H, 

and  the  latter  is  neutralized  by  the  alkali.  After  the  reaction  is 
complete,  a  drop  of  phenolphthalein  is  added  and  the  solution 
is  decolorized  by  the  addition  of  a  titrated  acid.  From  the  amount 
of  the  latter  used,  the  excess  of  the  alkali  is  known,  and  if  this 
is  deducted  from  the  total  amount  of  alkali  in  the  flask,  the  amoimt 
necessary  for  the  complete  neutralization  of  the  acetic  acid,  whether 
originally  present  as  the  free  acid  or  in  the  form  of  its  anhydride, 
can  be  calculated: 
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C4H,,0a    C2H4O2 

1.  X     -¥    y    =  p  (original  weight) ; 

2.  mx     -f     y    =  q  (weight  acetic  acid  after  the  action  of  water) ; 

and  from  this  x  can  be  calculated. 

m  —  1  ^     ^ 

^  •    ^u  ^-  .    2C,HA     120.08     ,  ,^^^  , 

and  in  these  equations  ni'=  ^  tl  \  ^=  ^^^^^  =  1.1766     and 

^  C4H8O3      102.06 

^    -5.6638. 


w— 1 


Example, — ^The  absolutely  clear  preparation  of  acetic  anhy- 
dride from  a  well-known  firm  gave  the  following  results,  0.9665  gm. 
being  taken  for  the  analysis: 

N 
200  c.c.  of  barium  hydroxide  solution  required  187.79  c.c.  —  HCl; 

200  c.c.  of  barium  hydroxide  -f  0.9665  gm.  of  substance 

N 
required  6.03  c.c.  t^t  HCl; 

lU 

so  that  the  0.9665  gm.  of  substance  was  equivalent  to  181.76  c.c. 

N  N 

—  HCl,  and  this  amount  of  :j^  Ba(OH)p  solution  would  have  been 

required  to  neutralize  it.    This  corresponds  to 

181.76X0.006004=1.0913  gms.  acetic  acid=^. 

If,  now,  the  values  of  p  and  q  are  introduced  in  the  previous 
equations,  we  obtain 

X  =  5.6638(  1 .0913  -  0.9665)  =  0.7068  gm.  anhydride, 

and  in  per  cent. 

0.9665:0.7068=100:0: 
a:=  73.13  per  cent,  acetic  anhydride. 

The  preparation,  therefore,  contained 

Acetic  anhydride  =  73.13  per  cent. 

26  87  per  cent. 


Acetic  acid 


100.00  per  cent. 
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Detennination  of  Sulpharous  Acid. 

For  the  determination  of  sulphurous  acid  by  itself,  the  analy- 
sis is  alwaj-s  accomplished,  as  recommended  by  Volhard,  by  an 
iodimetric  process,  i.e.,  it  is  oxidized  to  sulphuric  acid.  In  many 
cases,  however,  it  is  necessary  to  titrate  the  sulphurous  acid  with 
alkali  (cf.  p.  463),  and  here  the  choice  of  an  indicator  is  important, 
for  the  end-point  is  verj'  different  in  the  case  of  methyl  orange 
from  that  obtained  when  phenolphthalein  is  used : 

H^SOs+2\aOH  =  NXSO,-f  2H,0  (with  phenolphthalm), 
H^SO,-f  NaOH  =  XaHSO,-f  H,0  (with  methyl  orange). 

XaHSO,  reacts  acid  toward  phenolphthalein,  but  neutral 
toward  methyl  orange,  so  that  twice  as  much  alkai  would  be 
added  in  the  first  case.  The  most  accurate  results  are  obtained 
with  the  use  of  methyl  orange,  for  the  carbon  dioxide  which  is 
almost  alw^ays  present  does  not  exert  much  of  an  effect  upon  this 
indicator,  whereas  it  does  upon  phenolphthal^. 

Detennination  of  Orthophosphoric  Add. 

NaH2P04  reacts  acid  toward  phenolphthalein,  and  neutral  toward 
methyl  orange,  while  Na2HP04  is  neutral  toward  the  former  indi- 
cator and  basic  toward  the  latter. 

Therefore,  on  titrating  free  phosphoric  acid  with  alkali  one  of 
the  following  reactions  will  take  place: 

1.  H3PO4  +  2XaOH  =  Xa^PO^  +  2H,0  (phenolphthaldn). 

2.  H3PO4  -f  XaOH  =  Xa  H^FO^  -f  H,0  (methyl  orange) . 

The  first  reaction  is  not  sharp,  because  pure  Na^P04  ^  disso- 
ciated  to  a  slight  extent,  so  hat  it  becomes  alkaline  to  phenol- 
phthalein : 

Xa,  HPO4  +  H  OH^Xa  H^PO^  +  Xa  OH. 

To  prevent  this  hydrolysis,  the  titration  is  best  effected  in  a 
cold,  concentrated  soltition  containing  sodium  chloride. 
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Determination  of  Boric  Acid. 

Free  boric  acid  has  no  action  upon  methyl  orange,  conse- 
quently alkali  borates  may  be  titrated  with  hydrochloric  and 
nitric  acids  using  this  indicator;  with  sulphuric  acid  the  results 
are  not  as  satisfactory,  for  there  is  in  this  case  no  sharp  color 
change.  If  phenolphthalein  is  used  as  the  indicator,  the  red 
color  fades  gradually  and  the  end-point  cannot  be  determined 
with  certainty.  If,  on  the  other  hand,  sodium  hydroxide  is 
slowly  run  into  an  aqueous  solution  of  boric  acid  containing  phe- 
nolphthalein, after  some  time  a  pale-pink  color  is  noticeable  which 
becomes  deeper  on  the  addition  of  more  alkali.  The  first  pink 
color  is  formed  before  all  of  the  boric  acid  has  been  neutralized, 
for  sodium  borate  is  perceptibly  hydrolyzed.  Free  boric  acid  cannot 
be  titrated  by  itself,  but  if,  as  proposed  by  Jorgensen,*  a  sufficient 
amount  of  glycerine  f  (or  mannite)  is  added  to  the  solution,  the  hy- 
drolysis is  prevented,  so  that  when  1  mol.  of  NaOH  is  present  for 
1  mol.  of  H3BO3  the  solution  suddenly  changes  from  colorless  to 
red;  probably  a  stronger  acid  is  formed  by  the  addition  of  the 
glycerine,  the  glycerine-boric  acid,  (C3H5020H)B(OH). 

If  the  solution  does  not  contain  sufficient  glycerine  the  color 
change  takes  place  too  soon,  as  can  be  shown  by  the  addition  of 
more  glycerine.  If  the  red  color  disappears  on  adding  the  lat- 
ter, more  alkali  is  added  until  it  reappears.  The  right  end-point 
is  reached  when  the  red  color  no  longer  disappears  on  the  addition 
of  glycerine.  Inasmuch  as  commercial  glycerine  reacts  acid,  it 
must  be  just  neutralized  with  alkali  before  being  used  for  this 
determination.  Furthermore,  in  order  to  obtain  accurate  results 
it  is  necessary  that  the  solutions  should  be  absolutely  free  from 
carbonate. 

Application.     Determinaiion  of  Boric  Add  in  an  Alkali  Borate  Free 

from  Carbonate. I 

About  30  gms.  of  the  borate  are  dissolved  in  water  free  from 
carbon  dioxide,  diluted  to  1  liter,  and  the  total  alkali  is  determined 


*  Zeitschr.  f.  Nahrungsm.  IX,  p.  389,  and  Zeitschr.  f.  angew.  Ch.,  1897, 
p.  5. 

t  Zeitechr.  f.  angew.  Ch.,  1896,  p.  549. 

}  M.  Honig  and  G.  Spitz,  Zeitschr.  f.  angew.  Ch.,  1896,  p.  549. 
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N 
in  an  aliquot  part  by  titration  with  -^  hydrochloric  acid,  using 

methyl  orange  as  an  indicator.    A  fresh  portion  of  the  borate  is 

taken  and  exactly  neutralized  by  the  amount  of  hydrochloric 

acid  found  necessary  by  the  previous  titration;  by  this  means  the 

solution  will  contain  free  boric  acid.    After  adding  about  50  c.c.  of 

glycerine  for  each  1.5  gms.  of  the  borate,  the  solution  is  titrated 

N 
with    —  sodium  hydroxide,  using  phenolphthalein  as  indicator. 

After  the  end-point  is  reached,  10  c.c.  more  of  glycerine  are  added, 
and  this  usually  causes  the  solution  to  become  colorless.  The  end- 
point  with  sodium  hydroxide  is  again  obtained  and  the  process 
repeated  imtil  finally  the  addition  of  glycerine  causes  no  further 
action  upon  the  end-point. 

If  the  borate  contained  carbonate,  the  portion  taken  for  analysis 
is  neutralized  with  acid  as  before,  then  boiled  for  a  few  minutes, 
taking  the  precaution  of  connecting  the  flask  containing  the  solu- 
tion with  a  return-flow  condenser.*  After  the  carbon  dioxide  is 
expelled,  the  sides  of  the  condenser  are  washed  down  ^^dth  water 
and  the  titration  with  sodium  hydroxide  made  as  before.f 


Determination  of  Carbonic  Acid. 

(a)  Determination  of  Free  Carbonic  Add. 

To  determine  the  amount  of  free  carbonic  acid  present  in  a 
dilute  aqueous  solution,  an  excess  of  titrated  barium  hydroxide 

solution  is  added,  and  the  excess  is  determined  by  means  of  —  HCl, 

using  phenolphthalein  as  an  indicator: 

H,CO,+  Ba(OH), = Ba(X)3+  2H,0 
1  c.c.  —  HCl =0.0022  gm.  CO,. 


*  The  condenser  serves  to  keep  back  any  boric  acid  escaping  with  the 
steam. 

t  For  another  method  see  Jones,  Am.  J.  Science  [4],  7, 147. 
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(6)  Determination  of  Carbon  Dioxide  Present  as  Bicarbonate, 

N 
The  solution  is  titrated  with  yrr  HCl  in  the  presence  of  methyl 

orange: 

NaHC03+  HCl = NaCl+  H^COa 

1  c.c.  jT  HCl = 0.0044  gm.  CO,. 

(c)  Determinaiion  of  Carbon  Dioxide  Present  as  Carbonate. 

N 
The  titration  is  eflfected  with  —  HCl  and  methyl  orange:* 

Na,C03+  2HC1 = 2NaCl+  HjCO, 
1  c.c.  ~  HCl =0.0022  gm.  CO,. 


(d)  Determination  of  Free  Carbonic  Add  in  the  Presence  of 

Bicarbonate. 

N 
One  portion  is  titrated  with  t^  HCl,  using  methyl  orange  as 

indicator,  and    the    amoimt    of    bicarbonate    is  determined    as 

under  (6). 

A  second  portion  is  treated  with  an  excess  of  barium  chloride, f 

then  with  an  excess  of  barium  hydroxide,  and  the  excess  of  the 

latter  titrated  back  with  HCl,  using  phenolphthalein  as  indicator. 

N 
If  the  amoimt  of  ~  acid  used  for  the  first  titration  is  deducted 

N 
from  the  amount  of  —  barium  hydroxide  solution  found  to  be 

necessary  by  the  last  titration,  the  difference  multiplied  by  0.0022 
will  give  the  amount  of  free  carbonic  acid.J 

*  Alkaline-earth  caibonates  are  dissolved  in  an  excess  of  standard  acid 
and  the  excess  titrated  back  with  standard  alkali. 

t  The  addition  of  barium  chloride  is  only  necessary  when  .free  carbonic 
acid  is  titrated  in  the  presence  of  alkali  bicarbonates.  Without  it  free  alkali 
would  then  be  formed:   NaHCO,-f  Ba(OH)2-BaC03-f  HjO  +  NaOH. 

t  This  method  cannot  be  used  when  magnesium  salts  are  present. 
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(e)  Determinaiion   of   Bimrbonale   in   the   Presence   of   Carbonale. 
Method  of  C.  Winkler. 
In  one  portion  the  total  alkalinity  b  determined  by  titration 

N 


In  a  second  portion  the  bicarbonate  is  determined  by  adding 

N 
an  excess  of  -r^  NaOH,  then  neutral  barium  chloride  solution, 

and  afterward  titrating  the  excess  of  the  former  with  phenoi- 


10 
into  carbonate : 

NaHCO,+NaOH  =  Na,CO.+H,0. 

INaOH  corresponds,  consequently,  to  1C0„  or 

1  c.c.  ^  NaOH  =0.0044  gm.  CO., 

and  therefore  (r,-0-0.0044=CO,  as  bicarbonate. 
For  the  decomposition  of  the  normal  carbonate 

■■■^^^ 

were  necessary,  and  from  the  equation 

Na,CO,+2HCl  =  2Naa  +  H,0+CO, 
it  is  evident  that 

2HC1=1C0, 


and 


1  c.c.  ^  Ha=0.0022  gm.  CO,, 
carbon  dioxide  as  carbonate-(2'+(-7',)-0.0022gm. 
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Remark, — It  has  been  proposed  to  determine  volumetrieally 
the  free  and  bicarbonate  carbonic  acid  in  drinking  and  mineral 
waters;  with  the  fonner  accurate  results  can  be  obtained,  but 
with  the  latter  this  is  not  the  case.  In  the  determination  of  the 
total  alkalinity  not  only  the  bicarbonate  but  also  the  ever-present 
silicate  and  borate  are  likewise  determined,  so  that  this  in  many 
cases  causes  considerable  error  in  the  analysis  of  mineral  waters. 
Thus  in  analyzing  a  sample  of  mineral  water  containing  in  reality 
4.63  gms.  of  carbonic  acid  as  bicarbonate  per  kilogram,  the  titra- 
tion showed  5.42  gms.,  a  difference  of  0.61  gm.  COjI 

« 

Determmation  of  Carbonic  Acid  in  the  Air.     Method  of 

Pettenkofer. 

Principle, — ^A  large,  measured  volume  of  air  is  treated  with 
an  excess  of  titrated  barium  hydroxide  solution  whereby  the  car- 
bon dioxide  is  quantitatively  absorbed,  forming  insoluble  barium 
carbonate.  Phenolphthalein  is  added,  and  the  excess  of  barium 
hydroxide  is  determined  by  titration  with  hydrochloric  acid 
until  the  solution  is  colorless.  From  the  amount  of  alkali 
used  to  absorb  the  carbon  dioxide,  the  amount  of  the  latter  is 
calculated. 

Requirements, — 1.  A  bottle  of  about  5  liters  capacity,  which 
is  calibrated  by  weighing  it  dry  and  then  filled  with  water  at 
17^.5  C. 

2.  Standard  solutions  of  barium  hydroxide  and  hydrochloric 

acid.     The  acid  is  prepared  so  that  1  c.c.=0.25  c.c.  COj  at  0°  C. 

N 
and  760  mm.  pressure;  this  is  accomplished  by  diluting  223.3  c.c.  ~ 

hydrochloric   acid   to   1    liter.     The   barium   hydroxide  solution 
should  be  of  about  the  same  strength. 

Procedure. — ^The  flask,  with  its  capacity  etched  upon  it,  is 
placed  in  the  space  from  which  the  air  is  to  be  taken,  and  by  means 
of  a  bellows,  the  mouth  of  which  is  connected  with  a  piece  of 
rubber  tubing,  the  air  in  the  flask  is  changed;  about  100  strokes  are 
made  with  the  bellows.  The  flask  is  then  stoppered  with  a  rub- 
ber cap,  and  at  the  same  time  the  temperature  and  barometer 
readings  are  noted. 
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By  means  of  a  pipette,  100  c.c.  of  barium  hydroxide  solution 
are  run  into  the  flask,  the  rubber  cap  replaced  on  the  bottle,  and 
the  solution  is  gently  shaken  back  and  forth  in  the  flask  for  fif- 
teen minutes.  The  turbid  liquid  is  then  poured  into  a  dry  flask, 
25  c.c.  are  pipetted  out,  phenolphthalein  is  added,  and  hydrochloric 
acid  slowly  run  in  vniYi  constant  stirring  until  the  solution  is 
colorless.  This  requires  n  c.c,  so  that  for  the  100  c.c.  of  alkali 
solution,  4Xw  c.c.  would  be  necessary.  The  strength  of  the 
barium  hydroxide  in  terms  of  acid  is  now  accurately  determined; 
25  c.c.  of  barium  hydroxide  require  N  c.c.  of  the  standard  hydro- 
chloric acid,  or  100  c.c.  would  neutralize  4XiV  c.c.  of  acid. 

Calculation, — Assume  the  contents  of  the  flask  to  be  F  c.c. 
at  t^  C.  and  B  mm.  pressure.  By  the  introduction  of  100  c.c.  barium 
hydroxide  solution  the  same  volume  of  air  was  replaced,  so  that 
the  amount  of  air  taken  for  analysis  amounts  to  (V— 100)  c.c. 
at  t^  C.  and  B  mm.  pressure.  At  0°  C.  and  760  mm.  pressure  the 
volume  is 

•      y     ^      (7-100)  B 

^    760(l+a.O 

100  c.c.  of  barium  hydroxide  solution  require  4  N  c.c.  HCl, 
while  100  c.c.  of  the  alkali  after  treatment  with  V^  c.c.  of  air  require 
4  n  c.c.  of  the  acid  and  this  corresponds  to  4  (iV— n)- 0.25=  (iV—n) 
c.c.  CO2  at  OP  C.  and  760  mm.  pressure. 

The  amount  of  CO,  present  in  1  liter  of  air  measured  at  standard 
conditions  amoimts  to 

^     1000»(Ar^n) 

x= y gms.  Ca^j^j 


n.  OXIDATION  AND  REDUCTION  METHODS. 

All  processes  considered  under  this  heading  are  those  in  which 
the  substance  analyzed  is  either  oxidized  or  reduced  by  means 
of  the  solution  with  which  the  titration  is  made.  As  a  standard 
for  measuring  the  normality,  we  consider  the  oxidation  of  two 
gm.-atoms  of  hydrogen  by  1  gm.-atom  of  oxygen.  The  normal 
solution,  therefore,  will  be  one  which  for  each  1000  c.c.  gives  up 

or  requires  o"  =^8  gms.  of  oxygen  =  1  gm.  of  hydrogen. 

Oxidation  Methods. 

A.  The  Permanganate  Methods. 

These  are  based  upon  the  fact  that  2  gm.-molecules  of  potas- 
sium permanganate  in  add  solution  give  up  5  gm.-atoms  of 
oxygen,  equivalent  to  10  gm.-atoms  of  hydrogen: 

2KMnO4=K,O+2MnO+O5(  =  10H). 

Or,  what  amounts  to  the  same  thing,  each  atom  of  manganese  is 
reduced  from  a  valence  of  7  to  a  valence  of  2,  so  that  lKMn04  will 
oxidize  the  equivalent  of  5H. 

The  solution  must  always  contain  enough  sulphuric  acid  in 
order  that  the  metals  will  be  left  in  the  form  of  sulphates  and  not 
as  oxides;  otherwise  less  oxygen  is  available  from  the  perman- 
ganate (cf.  p.  486). 

The  amount  of  potassium  permanganate  required  for  the  prep- 
aration of  a  liter  of  normal  solution  is  shown  by  the  above  equa- 

V      4    u    KMnO,    158.15    «,  .^  ^^ 
tion  to  be  — ^ —  =  — = — =31.53  gms. 

N  N 

For  the  great  majority  of  oxidation  analyses  j^  and  rarely  -^ 

solutions  are  used. 

jer 

The  Preparation  of  —  Potassium  Permanganate  Solution 

was  described  on  p.  79. 
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Standardization  of  Permanganate  Solution. 

1.  Against  Metallic  Iron. 

N 
The  practice  of  standardizing  an  —  permanganate  solution  by 

means  of  electrolytic  iron  is  to  be  recommended.  The  procedure 
has  already  been  described  on  p.  81. 

It  is  true  that  the  method  is  somewhat  tedious,  but  by  this 
means  accurate  results  are  guaranteed.  For  afterward  testing 
the  strength  of  the  solution,  ordinary  piano-wire  may  be  used, 
whose  apparent  iron  value  has  been  compared  once  for  all  with 
the  value  obtained  from  electrolytic  iron  (cf.  p.  86).  Only  when 
a  new  supply  of  the  iron  wire  is  purchased  is  it  necessary  to  repeat 
the  comparison  with  the  pure  iron. 

It  may  be  mentioned,  too,  that  the  apparent  iron  value  is 
different  according  to  the  method  used  for  dissolving  the  wire. 
Frequently  a  small  200-c.c.  flask  is  used  for  the  solution  of  the 
iron  and  the  flask  is  closed  by  means  of  a  perforated  rubber  stopper 
containing  a  small  glass  tube.  The  outer  end  of  the  tube  is  fitted 
with  a  Bunsen  valve,  i.e.  a  small  piece  of  rubber  tubing  is  placed 
over  the  ^ass  tube  and  its  end  is  closed  by  means  of  a  piece  of 
stirring-rod,  and  on  the  side  of  the  rubber  tubing  is  cut  a  slit  through 
which  gases  can  escape  from  the  flask  but  which  closes  and  pre- 
vents the  entrance  of  air. 

When  a  large  liter  flask  containing  500  c.c.  of  dilute  sulphuric 
acid  at  the  temperature  of  (the  water-bath)  is  used  for  dissolving 
the  iron,  as  shown  in  Fig.  29,  more  of  the  impurities  present 
in  the  iron  (hydrocarbons,  etc.)  will  remain  in  solution  and  more 
permanganate  solution  will  be  required  for  the  oxidation  than 
when  the  solution  is  effected  in  50  c.c.  of  liquid  at  the  boiling  tem- 
perature. Evidently,  then,  it  is  necessary  to  always  dissolve  the 
iron  in  the  same  way  when  using  ordinary  iron  wire  for  the 
standardization.* 


*  Dr.  Schudl  found  the  apparent  iron  value  of  a  sample  of  iron  wire  to 
be  100.51  and  100.53  per  cent  Fe  when  dissolved  in  500  c.c.  dilute  H^SO^, 
as  described  on  p.  86,  while  the  values  100.14  and  100.2S  per  cent  Fe  were 
obtained  by  using  the  small  flask  with  Bunsen  valve. 
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2.  Against  Oxalic  Add. 

Tenth-normal  oxalic  acid  solution  is  excellent  for  the  standard- 
ization of  a  permanganate  solution.  By  means  of  a  pipette  25  c.c, 
are  measured  into  a  beaker,  10  c.c.  of  dilute  sulphuric  acid  (1:4) 
are  added,  the  solution  is  diluted  with  water  at  about  70®  C.  to 
a  volume  of  200  c.c,  and  the  permanganate  is  run  into  it,  with 
constant  stirring,  from  a  glass-stoppered  burette.  At  first  the  solu- 
tion is  colored  red  for  several  seconds,  then  it  becomes  coloriess 
but  after  the  reaction  is  once  started  the  permanganate  is  rapidly 
decolorized  until  an  excess  is  present.  The  permanent  pink  color 
is  imparted  to  the  solution  by  the  permanganate  as  soon  as  all 
the  oxalic  acid  is  oxidized;  this  is  taken  as  the  end-point. 

The  oxidation  is  expressed  by  the  following  equation: 

2KMnO,+  5HAO4+  3H^0, = KjS04+  2MnS04+  8H,0-f-  lOCO,. 

Since  for  the  oxidation  of  1  gm.  molecule  of  oxalic  acid, 

(XKDH 

I  +0=2C0,+  H,0, 

COOH 

N 
1  gm.-atom  of  oxygen  is  necessary,  and  1  liter  —  oxalic  acid  con- 

N 
tains  ^  gm.-molecule  of  the  acidjt  is  evident  that  1000  c.c.  of — 

oxalic  acid  are  equivalent  to  ^  gm.-atom  of  oxygen =0.8  gm.  and 
1  c.c.  of  the  solution =0.0008  gm.  0. 

N 
If  for  the  oxidation  of  25  c.c.  -rz:  oxalic  acid  24.3  c.c.  of  per- 
manganate solution  were  required,  these  24.3  c.c.  correspond  to 
25X0.0008=0.0200  gm.  oxygen  or  1  c.c.  KMnO^^^r^  =0.0008230 

gm.  O. 

Instead  of  expressing  the  concentration  of  the  permanganate 
solution  in  terms  of  oxygen,  it  has  been  the  custom  to  express 
it  in  terms  of  iron.  The  following  consideration  will  show  how 
the  calculation  may  be  made. 

From  the  oxidation  equation 

2FeO+0-Fe,0, 
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it  follows  that  1  gm.-atom  of  oxygen  is  necessary  for  the  oxida- 
tion of  2  gm.-atoms  of  iron;  consequently  i  gm.-atom  of  oxygen 

TT  N 

(«=1H»  10,000  c.c.  —  oxalic  acid)  corresponds  to  1  gm.-atom  iron, 

N 
80  that  25  c.c.  -ttx  oxalic  acid  » 24.3  c.c.  permanganate » 25X0.0056 

0.1400 
24.3 


'0.1400  gm.  iron;  or  1  c.c.  of  the  pennanganate  solution = 


=0.005761  gm.  Fe. 

Remark, — ^Against  the  use  of  oxalic  acid  solution  for  the  stand- 
ardization of  a  pennanganate  solution  is  the  fact  that  the  con- 
centration of  the  aqueous  solution  is  not  permanent;  for  this 
reason,  E.  Riegler*  proposed  the  addition  of  50  c.c.  of  concen- 
trated sulphuric  acid  to  each  liter  of  the  oxalic  acid,  by  which 
means  the  solution  can  be  kept  unchanged  for  a  much  longer 
length  of  time.  That  this  is  the  case  is  shown  by  the  following 
experiments:  A  solution  of  oxalic  acid  in  water  was  prepared, 
and  also  one  in  dilute  sulphuric  acid.  Both  solutions  were  titrated 
on  the  same  day  with  permanganate  solution  which  had  been 
standardized  against  electrol)rtic  iron.  At  the  end  of  eight  months 
the  same  solutions  were  titrated  against  a  freshly-standardized 
permanganate  solution,  with  the  following  results: 


Freehly-prepared . 
After  8  months. . . 


Aqueous  Oxalic  Acid. 


N 
1000  C.C.  -» 1000.6  C.C.  j^  Bol. 

1000 c.c-  994.9  C.C.   "    " 


Oxalic  Acid  conUuning 
Sulphuric  Acid. 


N 
1000  c.c.  -1002.5  C.C.  r^  soL 

1000  C.C. -1001.8    "    "     " 


At  the  end  of  eight  months,  therefore,  the  aqueous  solution 
had  depreciated  0.56  per  cent,  in  strength,  while  the  solution  con- 
taining the  sulphuric  acid  had  only  weakened  to  an  extent  of 
0.12  per  cent,  of  its  original  concentration. 

From  this  it  is  e\ddent  that  a  solution  of  oxalic  acid  contain- 
ing sulphuric  acid  can  be  used  for  the  standardization  of  a  per- 
manganate solution,  provided  the  former  has  not  stood  more  than 


*  ZeitBchr.  f.  anaL  Chem.,  1896,  p.  522. 
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eight  months  since  it  was  prepared.     The  use  of  old  aqueous 
solutions  of  oxalic  acid  is  to  be  discouraged. 

3.  Against  Sodium  Thiosvlphale. 
See  lodimetry. 

4.  Against  Hydrogen  Peroxide, 
See  Gasometric  Methods. 

Permanence  of  Potassium  Permanganate  Solutions. 

As  mentioned  on  p.  tSO,  a  permanganate  solution  will  keep 
indefinitely,  provided  it  is  kept  free  from  dust  and  reducing  vapors. 
In  order  to  test  the  permanence  of  such  a  solution,*  it  was  stand- 
ardized against  electrolytic  iron  and  after  eight  months  it  was 
again  tested. f  It  had  lost  only  0.17  per  cent,  of  its  original  value 
and  could  be  used  for  all  ordinary  analyses.  For  very  accurate 
work,  however,  it  is  advisable  to  standardize  the  solution  fre- 
quently. 

Uses  of  Permanganate  Solution. 

I.  Determination  of  Iron  (Margueritte  1846). 

J-  c  0.0056  gm.  Fe 

1  c.c.  Y?:  KMn04  corresponds  to  ■<  0.0072  gm.  FeO 

(  0.0080  gm.  FcjOj 
In  this  determination  the  iron  is  oxidized  from  the  ferrous 
to  the  ferric  condition: 

2KMnO,-h  10FeSO4+  SH^SO^  =  K,SO,+  2MnS0,+  5Fe,(S04)3+  8HjO 

The  solution  of  the  ferrous  salt  is  strongly  acidified  with  sul- 
phuric acid  (about  5  c.c.  of  concentrated  sulphuric  acid  should 
be  present  for  each  100  c.c.  of  the  solution),  diluted  with  boiled 
water  to  a  volume  of  400  to  500  c.c.  and  titrated  in  the  cold  by 
the  addition  of  potassium  permanganate  from  a  glass-stoppered 
burette  until  a  permanent  pink  color  is  obtained.  If  the  perman- 
ganate solution  is  tenth-normal,  the  number  of  cubic  centimeters 


♦  The  solution  was  already  three  months  old. 

tin  June,  1899,  1  c.c.  of  the  KMnO^  solution  =0.0054853  gm.  Fe;  in 
March,  1900,  1  c.c  of  the  KMnO^  solution  =0.0054761  gm.  Fe.  See  also 
Morse,  Hopkins  and  Walker,  Am.  Chem.  Jour.,  18,  401 . 
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pletely  to  the  ferrous   condition  before  it  can  be  titrated  with 
potassium  permanganate. 

THE  REDUCTION  OF  FERRIC  SALTS  TO  FERROUS  SALTS 

can  be  accomplished  in  a  number  of  different  ways. 

1.  By  Hydrogen  Sulphide. 

This  reduction  has  already  been  described  on  page  87. 

2.  By  Sulphur  Dioxide. 

The  solution  containing  the  ferric  salt  is  neutralized  with 
sodium  carbonate,*  an  excess  of  sulphurous  acid  is  added 
the  solution  boiled,  and  a  current  of  carbon  dioxide  is  passed 
through  it  until  the  excess  of  the  reagent  is  completely  removed.f 
The  reduced  solution  is  then  cooled  in  an  atmosphere  of  carbon 
dioxide  and  titrated. 

3.  By  Metah. 

The  acid  solution  of  the  ferric  salt,  contained  in  a  small  flask 
fitted  with  a  Bunsen  valve,  is  reduced  by  heating  on  the  water- 
bath  with  the  addition  of  small  pieces  of  chemically-pure  zinc  until 
the  solution  is  completely  colorless  and  a  drop  of  it,  removed  by 
means  of  a  piece  of  capillary  tubing,  will  no  longer  give  any  color 
with  potassium  sulphocyanate  solution.  After  cooling,  the  solu- 
tion is  poured  through  a  funnel  containing  a  platinum  cone  (no 
paper),  and  the  undissolved  zinc  remaining  in  the  funnel  is  washed 
several  times  with  boiled  water.  J 

Remark. — Since  zinc  often  contains  iron,  a  blank  experiment 
must  be  made  by  dissolving  3  to  5  gms.  in  the  same  way  and  titra- 
ting the  solution  with  permanganate.     If  iron  is  present,  as  shown 

♦  Ferric  salts  are  not  completely  reduced  by  sulphurous  acid  in  the  pres- 
ence of  considerable  hydrochloric  or  sulphuric  acid. 

t  It  is  not  advisable  to  depend  upon  the  sense  of  smell.     The  escaping 

gas  is  tested  by  passing  it  through  dilute  sulphuric  acid  containing  a  few 

N 
drops  of  jrr  KMnO^  solution.     If  the  latter  is  not  decolorized  at  the  end  of 

two  or  three  minutes,  the  excess  of  sulphurous  acid  has  been  removed. 

X  The  reduction  by  means  of  zinc  may  be  satisfactorily  accomplished  with 
a  **  Jones  reductor."     Cf .  Blair,  The  Chemical  Analysis  of  Iron,  p.  95  et  seq. 
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by  the  fact  that  a  measurable  amount  of  potassium  pennanga- 
nate  is  decolorized,  the  reduction  of  the  ferric  salt  must  be  effected 
by  means  of  a  weighed  amount  of  zinc  and  a  correction  made  for 
the  iron.  It  is  self-evMent  that  in  this  case  the  titration  must 
not  take  place  until  all  of  the  zinc  has  dissolved.  Instead  of  zinc, 
cadmium  and  aluminium  are  frequently  used. 

Remark. — Against  this  method  objections  can  be  raised.  In 
the  first  place,  the  fact  that  a  foreign  metal  is  introduced  into 
the  solution  is  in  many  cases  imfortunate.  Furthermore,  by 
means  of  zinc,  titanic  acid  is  reduced  to  TijO,,  only  to  be  oxidized 
again  by  the  permanganate  solution,  so  that  more  permanganate 
solution  will  then  be  required  than  corresponds  to  the  amoimt  of 
iron  present.  By  means  of  H,S  or  SOj,  titanic  acid  is  not  reduced 
and  there  is  no  foreign  metal  introduced  into  the  solution.  Con- 
sequently, for  accurate  mineral  analyses,  it  is  necessary  to  use 
one  of  these  methods,  and  -in  fact  the  reduction  by  means  of 
hydrogen  sulphide  is  to  be  preferred.  By  means  of  the  latter  the 
ferric  salt  is  completely  reduced,  independent  of  how  little  or  how 
much  free  acid  is  present  in  the  solution;  again,  any  metals  of 
the  hydrogen  sulphide  group  are  precipitated  at  the  same  time; 
while  finally  it  is  easy  to  recognize  the  fact  that  the  excess 
of  the  gas  has  been  removed  by  the  use  of  the  sensitive  lead 
acetate  paper  test. 

4.  By  Stannous  Chloride, 

This  method  proposed  by  Zimmermann  and  Reinhardt*  is 
especially  suited  for  metallurgical  purposes,  because  it  can  be 
accomplished  most  rapidly. 

Princijjle. — ^The  method  depends  upon  the  fact  that  ferric 
chloride  in  hot  solution  is  easily  reduced  by  stannous  chloride: 

2SnClj+  FeCl, = 2SnCl,+  2FeClj. 

The  complete  decolorization  of  the  solution  shows  the  end- 
point  of  the  reduction.  In  order  to  make  sure,  however,  a  slight 
excess  of  stannous  chloride  is  added  and  afterwards  oxidized  by 
means  of  mercuric  chloride: 

SnCl,+  2HgCl2  =  SnCl,+  HgjCl,. 
*  Loc.  cit. 
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After  this  treatment,  which  consumes  but  a  few  minutes,  some 
manganese  sulphate  solution  is  added  and  the  solution  imme- 
diately titrated  with  potassium  permanganate. 

RequireTnenJta, 

(a)  Stannous  chloride  solution.  250  gms.  of  stannous  chloride 
are  dissolved  in  100  c.c.  of  concentrated  hydrochloric  acid  and 
diluted  with  water  to  a  volume  of  one  liter. 

(6)  Hydrochloric  acid.  1  part  concentrated  acid  +  1  part  of 
water. 

(c)  Mercuric  chloride  solution.  A  saturated  solution  of  the 
pure  commercial  salt  in  water  is  used. 

{d)  Manganese  sulphate  solution.    See  p.  483. 

Procedure, — ^The  ferric  salt  is  dissolved  in  20  c.c.  of  the  hydro- 
chloric acid  (6)  heated  to  boiling,  the  flame  removed,  and  the 
stannous  chloride  solution  (a)  is  added  drop  by  drop  until  the 
iron  solution  becomes  colorless.  The  latter  is  then  diluted  to 
100  c.c.  with  cold  distilled  water  and  10  c.c.  of  mercuric  chloride 
(c)  are  quickly  added,  whereby  a  slight  silky  precipitate  of 
HgjClj*  is  formed.  The  solution  is  then  diluted  to  about  500  c.c, 
6  to  8  c.c.  of  the  manganese  sulphate  solution  (d)  are  added,  and 
the  mixture  is  titrated  with  potassium  permanganate  until  a  pink 
color  permanent  for  one  minute  is  obtained. 

Example  Determination  of  Iron  in  Hematiiey  FejOj. — ^About 
0.25  to  0.3  gm.  of  the  finely-powdered  mineral  is  weighed  out  into 
a  beaker.  3  c.c.  of  the  stannous  chloride  solution  (a)  f  are  added, 
and  15  c.c.  of  the  acid  (6).  The  beaker  is  covered  with  a  watch- 
glass  and  its  contents  heated  to  boiling  until  all  of  the  iron  oxide 
has  dissolved  and  a  white  sandy  residue  is  obtained.  This  oper- 
ation seldom  requires  more  than  ten  minutes.  The  slightly  yellow 
colored  solution  thus  obtained  is  carefuUy  treated  with  stannous 
chloride  drop  by  drop  until  it  becomes  colorless  and  the  reduced 
solution  is  analyzed  as  above. 


*If  the  precipitate  produced  by  mercuric  chloride  is  at  a]]  grayish  in 
color,  the  portion  must  be  thrown  away:  too  large  an  excess  of  stannous 
chloride  was  used.  Moreover,  the  end  point  with  permanganate  is  difficult 
to  see  if  the  solution  contains  much  precipitate. 

t  The  stannous  chloride  greatly  facilitat^is  the  solution  of  the  hematite. 


DETERMINj4T!ON  OF  MANGANESE.  487 

2.  Determination  of  Manganese.    Method  of  Volhard.* 

1000  c.c.  N.  KMnO,t=~^  =  ^  -  16.5  gms.  Mn. 

If  an  almost  boiling,  slightly  acid  solution  of  manganese  sul- 
phate is  slowly  treated  with  a  solution  of  potassium  permanga- 
nate, each  drop  will  cause  the  formation  of  manganous  acid 
(HjMnOg),  which  is  formed  under  certain  conditions  according  to 
the  following  scheme: 

K,0  Mn^O,  f  3MnO  =  Kjd+  5MnO, 

According  to  this  equation,  therefore,  2KMn04  will  oxidize 
3  gm.-atoms  of  manganese,  and  as  1000  c.c.  of  N.  KMnO^  con- 
tain \  gm.-mol.  KMnO^,  evidently  this  amount  of  permanganate 

corresponds  to  ^=16.5  gms.  Mn. 

A.  Guyard,  who  first  determined  manganese  by  this  method, 
assumed  that  the  oxidation  took  place  according  to  the  following 
equation: 

2KMn04+  3MnS0,+  7HjO =2KHS04+  n^0^+  SH^MnO,. 

In  reality,  however,  the  reaction  does  not  take  place  in  this 

way,  but  instead   of   pure  manganous  acid  being  precipitated, 

different  acid  manganites  of  varying  composition  are  formed;  e.g., 

/OH 
Mn4() 

4KMn04+  llMnSO,+  14H,0=4KHS04+7H2S04+5        J]>Mn. 

Mn^ 
\0H 

*  Ann.  der  Chem.  und  Pharm.,  IftS,  p.  318. 

t  Strictly  speaking,  the  normality  of  the  permanganate  is  different  when 
used  to  oxidize  manganese  in  slightly  acid  or  neutral  solution.  In  this  case 
the  manganese  of  the  permanganate  is  reduced  to  the  tetravalent  form  instead 
of  to  bivalent  manganese,  so  that  a  normal  solution  would  now  contain 

— - — -*  gms.  mstead  of — -  gms.    Inasmuch  as  it  is  customary  to  stand- 

3  o 

ardize  permanganate  in  strongly  acid  solution  irrespective  of   the  way  in 

which  it  is  to  be  used,  we  shall  understand  by  normal  KMnO^  a  solution 

which  is  normal  in  strongly  acid  solution. — [Translator.] 
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Volhard  has  shown  that  if  calcium,  barium,  or,  better  still,  zinc 
salts,  are  present,  manganites  of  these  metals  are  precipitated. 
The  precipitate,  although  Varying  in  composition,  contains  all 
of  the  manganese  in  the  tetravalent  form;  e.g., 

/OH 

4KMnO,+  5ZnS0,+  6MnS0,+  14H,0  =  ^^ 

=  4KHSO4+  7H^0,+  5       ^>  Zn. 

Mn^ 
\0H 

In  case  iron  is  present,  the  reaction  does  not  take  place  quan- 
titatively in  the  direction  from  left  to  right,  so  that  a  different 
procedure  is  then  necessary. 

(a)  procedure  when  iron  is  absent. 

N 
Requirements, — 1.  A  —  potassium  permanganate  solution. 

2.  A  manganese  sulphate  solution,  obtained  by  dissolving  4.5318 

gms.  of  anhydrous  manganous  sulphate  in  one  liter  of  solution: 

N 
1  c.c.  of  this  solution=l  c.c.  of  —  KMn04.* 

3.  A  zinc  sulphate  solution  obtained  by  dissolving  200  gms. 
zinc  sulphate  in  one  liter  of  water. 

4.  Zinc  oxide  suspended  in  water,  obtained  by  precipitating 
pure  zinc  sulphate  by  means  of  caustic  potash  solution  in  such  a 
way  that  the  solution  does  not  react  alkaline.  The  residue  is 
washed  several  times  with  hot  water,  then  transferred  to  a  tightly- 
stoppered  bottle,  and  kept  suspended  in  water. 

Standardization  of  the  Perm/ingaTuUe  Solution. 

20  c.c.  of  the  manganese  sulphate  solution  are  placed  in  an 
Erlenmeyer  flask,  40  c.c.  of  zinc  sulphate  solution  and  2  or  3  drops 
of  nitric  acid  f  are  added,  after  which  the  mixture  is  diluted  to 

*  Strictly  speaking,  this  solution  is  ^  normal     By  definition,  a  ~  solu- 

of  manganese  sulphate  contains  *«=  7.553  gms.  MnSO^  in  one  liter.  Such 

a  solution,  however,  would  not  be  equivalent  to  a  KMnO^  solution  w^hich  is 
tenth  normal  in  acid  solution.    Cf.  foot-note  to  page  487  (Translator). 

fThe  addition  of  the  nitric  acid  causes  the  precipitate  to  settle  much 
more  quickly. 
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200  c.c.y  heated  to  boiling,  and  treated  with  potassium  permanga- 
nate solution,  added  with  constant  shaking,  until  the  supernatant 
liquid  remains  a  permanent  pink. 

Titration  of  Manganese. 

If  a  neutral  solution  of  manganese  sulphate  is  to  be  analyzed, 
the  same  procedure  is  used  as  in  the  above  standardization.  If 
the  solution  contains  manganous  chloride,  it  should  be  freed  from 
hydrochloric  acid  by  evaporation  with  an  excess  of  sulphuric 
acid.  The  acid  solution  thus  obtained  is  neutralized  with  the 
zinc  oxide  until  a  little  of  the  latter  remains  suspended  in  the 
liquid.    From  this  point  the  procedure  is  the  same  as  before. 

(b)  procedure  when  iron  is  present. 

If  a  hydrochloric  acid  solution  is  to  be  analyzed  containing  all 
of  the  iron  in  the  ferric  form,  it  is  evaporated  to  dryness  with  the 
addition  of  sulphuric  acid,  the  dry  mass  is  moistened  with  nitric 
acid  and  warmed  until  complete  solution  is  effected.  The  greater 
part  of  the  acid  is  neutralized  with  sodium  hydroxide  solution, 
the  solution  placed  in  a  measuring-flask,  and  an  excess  of  the  zinc 
oxide  is  added  whereby  all  of  the  iron  is  precipitated  as  hydroxide. 
The  liquid  is  diluted  up  to  the  mark  with  water,  filtered  through  a 
dry  filter,  and  an  aliquot  part  of  the  filtrate  is  titrated  as  before 
with  potassium  permanganate  solution.* 

3.  Determination  of  Uranitun.    Method  of  Belhoubekyf 

Zimmermann,}  Hillebrand.§ 

1000  C.C.  N.  KMn04-^=  -=^  -119.8  gms.  U. 

This  method  is  especially  suited  for  testing  the  purity  of  a 
precipitate  of  UjOg  obtained  in  the  analysis  of  uranium  minerals. 
It  is  based  upon  the  fact  that  when  UjO,  is  heated  in  a  closed  tube 
with  dilute  sulphuric  acid  at  150°  to  175°  C.  it  is  readily  decom- 
posed according  to  the  equation 

U,Os+  4H3SO4 = 2U0jS0,+  U(SO,),+  4H2O, 

*  The  first  few  cubic  centimeters  of  tbe  filtrate  should  be  discarded,  for 
the  dry  filter  absorbs  some  of  the  dissolved  substance. 
t  Joum.  f.  prakt.  Chem.,  d9,  p.  231. 
X  Ann.  der  Chem.  u.  Pharm.,  232,  p.  285. 
5  U.  a  GeoL  Survey,  No.  78  (1889),  p.  90. 
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forming  uranyl  and  uranous  sulphates.    The  latter  compound 
is  oxidized  to  the  former  by  means  of  potassium  permanganate, 

2KMnO,+  5U(SO,)2+  2HjO= 

= 2KHS0,+ 2MnS04+  H2SO4+  SUO^SO,. 

From  this  equation  it  follows  that  2  gm.-mols.  of  KMn04  are  equiva: 
lent  to  5  gm.-atoms  of  uranium,  and  1000  c.e.  N.  KMnO^  solution 

U     239  5 

(=|KMn04)  =  J  gm.-atom  of  uranium =—  == — ^  =  119.75  gms.  U. 

Procedure. — ^The  weighed  amount  of  UgOg  is  placed  in  a  tube 
closed  at  one  end,  10  to  15  c.c.  of  dilute  sulphuric  acid  (1:6)  are 
added,  and  the  open  end  of  the  tube  is  made  narrower  by  heating 
in  a  blast-lamp  and  drawing  it  out  somewhat.  The  air  in  the 
tube  is  removed  by  inserting  a  long  capillary  so  that  it  reaches  to 
the  bottom  of  the  tube  containing  the  substance,  and  conducting 
a  current  of  carbon  dioxide  through  it;  the  larger  tube  is  finally 
sealed  without  removing  the  capillary.  The  tube  is  then  heated  in 
a  *'bomb  furnace"  at  150-175®  C.  until  everything  has  dissolved 
to  a  clear  green  liquid.  After  cooling,  the  tube  is  opened  by 
making  a  scratch  with  a  file  and  touching  it  with  a  hot  glass  rod. 
The  contents  are  poured  into  a  large  porcelain  dish,  diluted  with 

N 
distilled  water  to  500-700  c.c,  and  titrated  with  —  KMnO^  solu- 
tion until  a  permanent  pink  color  is  obtained. 

1  c.c.  ^  KMn04= 0.01 198  gm.  U= 0.01358  gm.  UO,  oxidized.* 
Remark. — ^The  above  method  gives  very  exact  results. 

4.  Determination  of  Oxalic  Acid. 

H  P  O     on  no 
1000  C.C.  N.  KMnO,-^^^*-~  -45.01  gms.  H,C,0,. 

The  procedure  is  exactly  the  same  as  was  described  under  the 
standardization  of  permanganate  by  means  of  oxalic  acid. 


♦  It  must  be  remembered,  however,  that  only  one-third  of  the  total  uranium 
in  UjOg  has  been  oxidized  by  the  KMnO^  (Ua08-=2UO,+UO,).    Consequently, 

with  regard  to  the  total  uranium,  1  c.c.  ^  KMnO4«0.03593  gm.  U-0.04233 

gm.  UjO,. — [Translator]. 
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5.  Determination  of  Calcium. 

1000  C.C.  N.  KMnO^^y -y  =20  gms.  Ca. 

The  calcium  is  precipitated  as  described  on  p.  65  in  the  form 

of  its  oxalate,  filtered,  and  washed  with  hot  water.   The  still  moist 

precipitate  is  transferred  to  a  beaker  by  means  of  a  stream  of 

water  from  the  wash-bottle,  and  the  part  remaining  on  the  filter  is 

removed  by  allowing  warm  dilute  sulphuric  acid  to  pass  through 

it  several  times.     To  the  turbid  solution  in  the  beaker,  20  c.c.  of 

sulphuric  acid  (1 : 1)  are  added,  and  after  dilution  with  hot  water 

to  a  volume  of  from  300  to  400  c.c.  the  oxalic  acid  is  titrated  with 

N 

—  KMn04  solution. 

N 
1  c.c.  yg  KMn04= 0.0020  gm.  Ca. 

6.  Determination  of  PbO,  in  Minium  [Red  Lead,  PbgO  J .  Method 

of  Lux.* 

1000  C.C.  N.  KMn04-^»-=^ -119.45  gms.  PbO,. 

Principle. — If  lead  peroxide  (PbO,)  is  treated  with  oxalic  acid 

in  acid  solution,  the  latter  is  oxidized  according  to  the  following 

equation : 

PbO,+  HAO4  =  PbO+  H3O+  2CO2. 

If  the  decomposition  takes  place  with  a  measured  amount  of 
titrated  oxalic  acid  solution  and  the  excess  of  the  latter  is  titrated 
by  means  of  potassium  permanganate  solution,  the  difference 
shows  the  amount  of  oxalic  acid  necessary  to  effect  the  reduction 
of  the  lead  peroxide. 

Procedure. — ^About  0.25  gm.  of  minium  (red  lead)  is  weighed 
into  a  porcelain  dish,  20  to  30  c.c.  of  double-normal  nitric  acid 
are  added,  and  the  lead  oxide  is  dissolved  by  heating: 

Pb  A+  4HN0, = 2Pb(N0s),+  H2O+  H,PbO,. 

N 
After  solution  is  effected,  50  c.c.  ^  oxalic  acid  are  added,  the 

o 

N 
solution  is  heated  to  boiling,  and  titrated  hot  with  -^  KMnO^. 


*  Zeitschr.  fiir  anal.  Chem.,  19,  p.  153. 
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N  N 

If  i  c.c.  -^  KMnO^  solution  were  used,  then  50— <  c.c.  -»■  HjCjO^ 

were  necessary  for  the  reduction  of  the  amount  of  PbOj  contained 
in  the  minium  (a  gm.)  taken  for  analysis. 

Since  1000  c.c.  N.  Rfijd^^W^M  gms.  PbO,,  then  1000  c.c.  ^ 

5 

HjCjO,-^!-^ =23.89  gms.  PbO,  and  1  c.c. =0.02389  gm.  PbO,. 
o 

Consequently 

N 
(50—0  c.c.  -r-  oxalic  acid  correspond  to  (50—0X0.02389  gm. 

PbO^. 

The  per  cent,  of  the  latter  is 

a:  (50-0X0.02389=100:0; 
^^(50-0X2.389    ^^^^^p 

a  ^  ' 

7.  Determination  of  MnO,  in  Pjrrolusite. 

1000  c.c.  N.  KMnO^-^^'^  ^^^^-^  K™s  ^^^r 

About  0.4  gm.  of   finely-powdered  pyrolusite  is  heated  in  a 

N 
flask  with  50  c.c.  -3-  oxalic  acid  and  20  c.c.  sulphuric  acid  (1:4) 

o 

until  no  more  black  particles  remain  imdissolved.    The  solution 

N 
is  diluted  with  200  c.c.  of  hot  water  and  titrated  with  —  KMnO^ 

o 

solution.  The  reaction  which  takes  place  between  the  manga- 
nese dioxide  and  the  oxalic  acid  is  expressed  by  the  following 
equation: 

MnOj+  H,S04+  HAO4 = MnSO,+  200,+  2H,0. 

1  c.c.  ~  KMn04= 0.0087  gm.  MnO,. 
o 

Remark, — Instead  of  reducing  the  manganese  dioxide  with 
oxalic  acid;  a  titrated  acid  solution  of  ferrous  sulphate  can  be 
used. 


*  To  express  the  results  in  per  cent.  Pba04,  the  number  2.380  should  be 
replaced  by  6.847. — [Translator]. 
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8.  Determination  of  Formic  Acid  (Lieben)."*" 

1000  C.C.  N.  KMDO,-^^^g^^^^^^^^-^c^  13.806  gms.  H0OOH.t 

In  cold  add  solutions  permanganate  reacts  only  slowly  with 
formic  acid,  while  in  a  hot  solution  the  latter  is  lost  by  volatiliza- 
tion, so  that  the  titration  in  open  vessels  is  impossible;  in  alkaline 
solutions,  on  the  other  hand,  the  oxidation  takes  place  readily  and 
quantitatively  in  the  cold : 

2KMn04+  3HC00H = 2KHCO3+  C0,+  2MnO,+  2H3O. 

Procedure, — ^The  formic  acid  is  neutralized  by  an  excess  of 
sodium  carbonate,  and  permanganate  is  run  into  the  hot  %  sodium 
formate  solution  until  the  clear  liquid  above  the  precipitate  is 
colored  reddish. 

9.  Analysis  of  Nitrous  Acid  (Lunge). 

HXO      47  n«> 
1000  C.C.  N.  KMnO,-^^^=^^  =23.525  gms.  HNO, 

On  account  of  the  volatility  of  nitrous  acid,  the  aqueous  solu- 
tion of  the  nitrite,  or  the  solution  of  nitrous  acid  in  concentrated 
sulphuric  acid  (nitrose),  is  measured  from  a  burette  into  a  known 
amount  of  permanganate  solution,  which  has  been  made  acid  with 
sulphuric  acid,  diluted  to  a  volume  of  about  400  c.c.  and  warmed  to 
40°  C.    The  nitrous  acid  is  thereby  oxidized  to  nitric  acid : 

2KMnO,+  5HN0j+  SH^SO,  =  K,SO,+  2MnS04+  3H3O+  SHNO,, 

and  the  decolorization  of  the  solution  shows  the  end-point. 
Toward  the  end  the  nitrous  acid  must  be  added  slowly,  for  the 
change  from  red  to  colorless  requires  some  time. 

10.  Analysis  of  Hydrogen  Peroxide. 

1000  C.C.  N.  KMnO.-^^—*-?^- 17.01  gms.  H,0,. 

Ten  cubic  centimeters  of  commercial  3  per  cent,  hydrogen 
peroxide  are  placed   in   a   100-c.c.  measuring-flask,  diluted  up 

*  Monatahefte,  XIV,  p  746,  and  XVI,  p.  219. 

t  In  reality,  the  normal  solution  of  formic  acid  would  contain  \  (not  ^) 
the  molecular  weight.     See  foot-note  to  page  486. 

%  The  titration  is  made  in  hot  solution  because  the  manganous  acid 
formed  does  not  settle  well  from  a  cold  solution. 
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to  the  marie  with  water,  and,  after  thoroughly  mixing,  10  c.  c. 
(=1  c.c.  of  the  original  solution)  are  placed  in  a  beaker,  and  diluted 
with  water  to  a  volume  of  300  to  400  c.c.    After  adding  20  to  30 

X 
c.c.  of  sulphuric  acid  (1 :4),the  solution  is  titrated  with  -^  KMnO^ 

until  a  permanent  pink  color  is  obtained.  The  following  reac- 
tion takes  place: 

2IOInO^+  5H,02+  4H^SO,=2KHSO,-h  2MnS0^+  8HjO+  SO^. 

Frequently  it  happens  that  the  first  drop  of  the  permanganate 
causes  a  permanent  coloration  of  the  solution.  This  shows  that 
either  not  enough  sulphuric  acid  is  present,  or  else  there  is  no  more 
hydrogen  peroxide  left  in  the  solution.  In  this  case  a  little  more 
sulphuric  acid  is  added,  when  if  the  coloration  still  remains  the 
preparation  is  surely  spoiled,  as  can  be  shown  by  the  titanic  or 
chromic  acid  tests  (cf.  Vol.  I,  p.  42). 

The  amount  of  hydrogen  peroxide  is  expressed  either  as  per 
cent,  by  weight  or  as  per  cent,  by  volume. 

Example, — 10  c.c.  of  the  above-mentioned  dilute  solution  of 

hydrogen  peroxide  (=1  c.c.   of  the  original  solution)   required 

N 
17.86  c.c.  jt:  KMn04  solution,  corresponding  to 

17.86X0.001701=0.03038  gm.  HA- 
As  the  specific  gravity  of  the  original  hydrogen  peroxide  solution 
can  be  assumed  to  be  1,  it  therefore  contains  3.04  per  cent.  HjO,. 

When  expressed  in  **per  cent,  by  volume"  the  result  shows 
how  many  cubic  centimeters  of  oxygen  can  be  obtained  from 
100  c.c.  of  the  solution. 

In  this  case  100  c.c.  of  the  hydrogen  peroxide  solution  con- 
tain 3.04  gms.  of  Hj02  and,  on  being  decomposed,  1  gm.-mol.  HjO, 

sets  free  1  gm.-at.  O: 

HA=H,0+0 

34.02  =  18.02+16, 
or  11195  c.c.  of  oxygen  at  0®  C.  and  760  mm.  pressure;   conse- 
quently 3.04  gms.  H2OJ  will  evolve 

34.02: 11195 =3.04  :x 

3  04X 11200 
a:=   '    ^4ruy —  =  1000  c.c.  oxygen  measured  under  standard  con- 
ditions of  temperature  and  pressure. 
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100  c.c.  of  the  commercial  hydrogen  peroxide,  therefore,  will 
evolve  1000  c.c.  of  oxygen,  i.e.  ten  times  its  own  volume.  This 
is  somewhat  anomalously  designated  as  hydrogen  peroxide  of  10 
per  cent,  by  volume. 

100  c.c.  3  per  cent,  hydrogen  peroxide  =  10  per  cent,  by  volume. 
100  c.c.  6    "      "  "  "        -20    "      "      "        " 

100  c  c.  9    *'       "  "  "         =30    "      "      "        " 

II.  Analysis  of  Potassium  Percarbonate. 

1000  c.c.  N.  KMnO,  J^^^  «  ^^  =99.15  gms.  K,C,0,. 

0.25  gm.  potassium  percarbonate  is  weighed  out  into  300  c.c. 
of  cold,  dilute  sulphuric  acid  (1:30),  in  which  it  dissolves  with 
violent  evolution  of  carbon  dioxide  and  formation  of  an  equiva- 
lent amount  of  hydrogen  peroxide: 

K,C  A+  2H2SO4 = 2KHSO4+  2C0,+  HA, 

and  the  latter  is  titrated  with  potassium  permanganate. 

12.  Analysis   of  Persulphates   (Persulphuric   Acid,   HjSsO,). 

1000  C.C.  N.  KMnO,-^^'  -j  114.1     "      (NH,),S,0, 

C  135.2    "     K,S,0, 

A  solution  of  persulphuric  acid  does  not  reduce  permanga- 
nate, nor  does  it  react  with  titanic  acid ;  on  the  other  hand  it  oxi- 
dizes ferrous  salts  immediately  in  the  cold  to  ferric  salts,  and  by 
means  of  this  behavior  it  can  be  easily  determined.  The  ammo- 
nium and  potassium  salts  are  now  commercial  products,  and  are 
analyzed  as  follows:  About  0.3  gm.  of  the  salt  is  weighed  out  into 
a  flask  fitted  with  a  Bunsen  valve,  the  air  is  replaced  by  carbon 
dioxide,  30  c.c.  of  a  freshly-titrated  solution  of  ferrous  sulphate 
are  added,  the  flask  is  closed  and  its  contents  rotated.  The  salt 
dissolves  without  difficulty,  and  the  ferrous  sulphate  is  oxidized: 

H^A+  2FeS0, = Fe^CSO  J3+  H,SO,. 

After  all  of  the  salt  has  dissolved,  the  contents  of  the  flask 

are  cooled  by  placing  the  flask  in  cold  water,  and  the  excess  of 

N 
ferrous  salt  is  titrated  with  —  KMnO^.* 

*  The  ferrous  sulphate  must  be  added  to  the  persulphate,  and  then  the 
hot  water.  If  the  hot  water  is  added  first,  the  persulphate  is  decomposed 
somewhat  and  the  results  obtained  will  be  low. 
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In  this  way  it  is  found  that: 
30  c.c.  ferrous  sulphate  solution  require  T  c.c.  ^  KHn04  solution* 

30  c.c.  ferrous  sulphate+  a  gm.  persulphate  require  i  c.c.  ^  KMnO^ 

solution. 

Consequently  a  gm.  of  persulphate  correspond  to  {T^i)  c.c. 

%  KiInO«. 

In  the  case  of  the  potassium  salt,  since  1000  c.c.  N.  KHnO^ 
=  135.21  gms.  K^SjOg,  and  1  c.c.  ^IQInO^^  0.01352  gm.  K^O,, 

we  have:    (7^—0X0.01352  gm.  K^S^O,  in  a  gm.  of  the  commer- 
cial salt,  or  in  per  cent. : 

a:(r-00.01352=100:x 

1.3521(r-0  ^  xro/^ 

x= ^^ ^  =  per  cent.  KjSjO,. 

With  the  anmionium  salt  the  factor  becomes  0.01414  instead  of 
0.01352. 

The  ferrous  sulphate  necessary  for  this  determination  is  pre- 
pared by  roughly  weighing  out  30  gms.  of  cr^'stallized  ferrous 
sulphate  (FeSO^+THjO),  dissohing  it  in  900  c.c.  of  water,  and 
diluting  to  1000  c.c.  with  pure  concentrated  sulphuric  acid. 

13.  Determination  of  Hydrozylamine  (Raschig).'*' 

1000  c.c,  X.  KMnO,-  -^^^=5^  =  16.535  gms.  \H,Oa 

Principle. — Hydroxylamine  is  oxidized  in  hot  acid  solutions 
by  means  of  ferric  salts  to  nitrous  oxide  and  water: 

2XH,0H+  O,  =  N,0+  3H,0, 

and  an  equivalent  amount  of  ferrous  salt  is  formed : 

2XH,0H+ 2Fe,(S0,), = 4Fe80,+  2H^0,+  H,0+  X,0. 

\ 

The  amount  of  ferrous  salt  is  determined  by  titration  with  ^ 

potassiiun  permanganate. 

Procedure. — About  0.1  gm.  of  the  hydroxylamine  salt  is  placed 
in  a  500-c.c.  flask  and  dissolved  in  a  little  water,  20  c.c.  of  a  cold 

♦  Ann,  d.  Chem.  und  Phann.,  241,  p.  190. 
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saturated  solution  of  iron-ammonium  alum  are  added^  and  10  c.c.  of 
dilute  sulphuric  acid  (1:4).  The  contents  of  the  flask  are  heated 
to  boiling  and  kept  at  this  temperature  for  five  minutes,  after 
which  the  solution  is  diluted  with  distilled  water  to  a  volume  of 
about  300  c.c.  and  immediately  titrated  with  permanganate 
solution. 

Remark, — If  only  slightly  more  than  the  theoretical  amount 
of  the  ferric  salt  is  added,  the  oxidation  of  the  hydroxylamine 
does  not  take  place  entirely  in  accordance  with  the  above  equa- 
tion, but  part  of  the  substance  is  oxidized  to  nitric  oxide: 

2NHjOH+  30  =  3H3O+  2N0, 

so  that  it  is  then  impossible  to  obtain  exact  results. 

14.  Determination  of  Hydroferrocyanic  Acid  (de  HaSn).* 

1000  c.c.  N.  KMnO^-l  mol.  K,Fe(CN),  =368.84  gms.  K4Fe(CN),. 

Principle. — By  oxidation  in  acid  solution,  hydroferricyanic 
acid  is  formed  from  hydroferrocyanic  acid: 

2H,Fe(CN)e+  O  =  H,0+ 2H,Fe(CN),. 

This  procedure  is  chiefly  used  for  the  analysis  of  potassium 
ferrocyanide  (yellow  prussiate  of  potash),  so  that  the  concentra- 
tion of  the  permanganate  solution  is  expressed  in  terms  of  this 
salt. 

Procedure. — 0.9  gm.  of  the  salt  to  be  analyzed  is  dissolved  in 
100  c.c.  of  water,  10  c.c.  of  dilute  sulphuric  acid  are  added,  and 
this  solution  is  titrated  in  a  porcelain  dish  with  permanganate 
until  a  permanent  pink  color  is  obtained.  It  is  not  easy 
to  determine  the  end-point.  On  acidifying,  the  solution  of  the 
ferrocyanide  becomes  milky  with  a  bluish  tinge,  and  on  the  addi- 
tion of  permanganate  at  first  a  yellow  shade  is  obtained,  after- 
wards becoming  green,  and  finally  on  the  addition  of  more  perman- 
ganate the  color  changes  to  pink.  On  account  of  the  diflSculty 
in  determining  this  point,  de  Haen  recommends  that  the  perman- 
ganate be  standardized  against  pure  potassium  ferrocyanide  solu- 
tion (K,Fe(CN),+  3HjO). 

*  Ann.  d.  Chem.  und  Phann.,  90,  p.  160. 
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15.  Determination  of  Hydrofenicyanic  Acid. 

1000  c.c.  N.  KMnO^^l  mol.  K,Fe(CN), =329.69  gms.  K^e(CN)». 

Principle. — The  potassium  ferricyanide  is  reduced  in  alkaline 
solution  to  potassium  ferrocyanide,  and  the  latter  is  titrated  ^vith 
permanganate. 

Procedure. — In  a  300-c.c.  flask,  6.0  gms.  of  the  ferricyanide  are 
dissolved  in  water,  the  solution  made  alkaline  with  potassium 
hydroxide,  heated  to  boiling,  and  an  excess  of  a  concentrated 
ferrous  sulphate  solution  is  added.  At  first  yello\i-ish-browTi 
ferric  hydroxide  is  precipitated,  later  black  ferrous-ferric  hydrox- 
ide is  formed,  and  this  shows  the  completion  of  the  reaction. 
After  cooling,  the  contents  of  the  flask  are  diluted  \i'ith  water  up 
to  the  mark,  filtered  through  a  dry  filter  (after  thoroughly  mix- 
ing) ,  and  50  c.c.  of  the  filtrate  *  ( =  1  gm.  of  the  substance)  are  taken 

N 
for  the  titration  with  —  KMn04  solution. 

16.  Determination  of  Chloric  Acid. 

lAHA  XT    T^TLT    r.  R^IO,  )  20.43   glTlS.    KaO, 

1000  C.C.  N.  KMnO, ^=  ]  ^^^^      ,,    ^^^^ 

About  5  gms.  of  potassium  chlorate,  or  4  gms.  of  the  sodium 
salt,  are  dissolved  in  water,  and  the  solution  diluted  to  1  liter. 
After  thoroughly  mixing,  10  c.c.  are  placed  in  a  flask  fitted  \i*ith  a 
Bunsen  valve  and  the  air  expelled  from  the  flask  by  a  current 
of  carbon  dioxide.  After  this  50  c.c.  of  a  freshly-standardized 
solution  of  ferrous  sulphate  (prepared  as  described  on  p.  496) 
are  added,  and  the  solution  boiled  ten  minutes.  The  following 
reaction  takes  place: 

KCIO3+  6FeS0,-h  SHjSO,  =  KCl-h  3Fe2(SO,),-h  SH.O. 

After  cooling  the  solution  is  diluted  with  cold  distilled  water, 
10  c.c.  of  manganous  sulphate  solution  are  added  (cf.  p.  481). 
and  the  excess  of  the  ferrous  sulphate  is  titrated  with  potassium 
permanganate.     We  find  that: 

♦The  first  ten  or  fifteen  cubic  centimeters  of  the  filtrate  should  be 
discarded. 
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N 
50  c.c.  ferrous  sulphate required  T  c.c.  -^  KMn04  sol. 

N 
50  c.c.      "  "  + 10  c.c.  chlorate  sol.  "       t  c.c.  -^      "        " 

a  N 

10  c.c.  chlorate  solution  =  r^  gm.  substance  =  (T—Occ.  — KMnO/* 

For  the  anal3rsis  of  potassium  chlorate  a  gm.  of  the  substance 
contain  (T— 0X0.2043  gm.  KCIO3,  and  the  per  cent,  present  is 

20.43  X(!r-0 
L  =  per  cent. 

The  calculation  for  sodium  chlorate  is  analogous. 
17.  Determination  of  Nitric  Acid  (Pelouze-Fresenius). 

RNO, 


1000  C.C.  N.  KMnO* 


21.02  gms.  HNO, 
28.36  <  "     NaNO, 
33.73     "     KNO, 


3 

This  methoji  depends  upon  the  fact  that  on  heating  a  nitrate 
in  the  presence  of  considerable  hydrochloric  acid  and  ferrous 
chloride  the  latter  is  oxidized  to  ferric  chloride  and  the  nitric  acid 
is  reduced  to  nitric  oxide: 

2KN08+  6FeClj+  8HC1 =2KC1+  2N0+  4H2O+  GFeCls. 
As  a  measure  for  the  amount  of  nitrate  reduced  we  have : 

1.  The  excess  of  ferrous  salt. 

2.  The  ferric  salt  produced. 

3.  The  nitric  oxide  formed. 

The  method  of  Schlosing-Grandeau  described  on  p.  360  is 
based  upon  the  measurement  of  the  nitric  oxide  formed.  C.  D. 
Braun  *  estimates  the  amount  of  ferric  salt  formed,  while  Pelouze 
and  Fresenius  determine  the  amount  of  ferrous  salt  not  used  up 
in  the  reduction  of  the  nitric  acid. 

Procedure. — ^A  weighed  amount  of  iron  wire  (about  1.5  gms.) 
is  placed  in  a  long-necked  flask,  and  the  air  expelled  by  passing 
a  current  of  pure  carbon  dioxide  through  it  for  two  or  three 
minutes.  After  this  30  to  40  c.c.  of  pure,  concentrated  hydro- 
chloric acid  are  added  and  the  flask  is  placed  in  an  inclined  posi- 
tion and  closed  by  means  of  a  rubber  stopper  through  which 
tubes  pass  so  that  a  current  of  carbon  dioxide  can  be  conducted 

*  Journ.  f.  prakt.  Chem.,  81  (1860),  p.  421. 
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through  the  flask.  The  solution  is  heated  on  the  water-bath 
in  this  atmosphere  of  carbon  dioxide  until  the  iron  has  com- 
pletely dissolved,  when  the  solution  is  allowed  to  cool  in  a  cur- 
rent of  the  gas.  Meanwhile  about  0.25  to  0.3  gm.  of  the  nitrate 
is  weighed  out  in  a  small  glass  tube  closed  at  one  end;  this  is 
thrown  into  the  acid  solution  of  the  ferrous  sulphate  and  the  flask 
quickly  closed  again.  The  flask  is  then  once  more  placed  in  its 
inclined  position  upon  the  water-bath  and  heated  for  fifteen 
minutes,  while  the  current  of  carbon  dioxide  is  continually 
passed  through  it.  The  tube  through  which  the  gas  leaves 
the  flask,  during  the  whole  operation,  dips  into  a  beaker  filled 
with  water  so  that  there  is  no  chance  of  any  air  getting  back  into 
the  flask.  After  this  the  solution  is  heated  to  boiUng  and  kept 
there  until  its  dark  color  disappears  and  the  yellow  color  of  the 
ferric  chloride  becomes  apparent.  In  order  to  make  sure  that  the 
nitric  oxide  is  entirely  removed,  the  contents  of  the  flask  are  boiled 
five  minutes  longer  and  then  allowed  to  cool  in  the  atmosphere 
of  carbon  dioxide.  When  cold  the  solution  is  poured  into  a 
beaker,  the  flask  washed  out  with  a  Uttle  boiled  water,  the  solu- 
tion is  diluted  to  a  volume  of  about  400  to  500  c.c,  10  c.c.  of 
manganese  sulphate  solution  are  added,  and  the  unoxidized  iron 

N 
is  titrated  with  —  IGInO^  solution. 

The  amount  of  pure  iron  present  in  the  wire  used  is  deter- 
mined under  the  same  conditions  as  prevailed  during  the  pre- 
vious operation,  using  a  smaller  portion  of  wire  but  the  same 
amount  of  acid,  manganese  sulphate,  etc. 

The  calculation  is  as  follows: 

If  a  gm.  of  potassium  nitrate  and  p  gm.  of  the  wire  were  taken  for 

N 
the  analysis,  i  c.c.  of  y  KJVInO^  were  required  to  oxidize  the  excess 

N 
of  iron,  and  further  p  gm.  of  the  wire  require  T  c.c.  of  -^  KMnO^ 

solution,  we  have,  then: 

N 
p  gm.  iron require  T  c.c.  -^  KMn04  solution 

N 
p  gm.  iron  +a  gm.  saltpeter "       i  c.c.  -^  KMn04       " 

N 
and  a  gm.  saltpeter      =         {T—t)  c.c.  ~  KMnO^, 


DETERMINATION  OF  l^ANADIUM,  501 

SO  that  a  gm.  of  saltpeter  contain  (T- 0X0.016865  gm.  KNO,, 
and  in  per  cent. 

■^^ =per  cent.  KNOg.* 

o 

Remark. — ^This  method  gives  results  jiist  as  accurate  as  those 
obtained  by  the  method  of  Devarda,  but  the  latter  determination 
is  much  easier  to  carry  out. 

The  determination  becomes  simpler  if  the  contents  of  the 
iron  wire  is  assumed  to  be  99.7  per  cent.  Fe  and  the  second  titra- 
tion thus  done  away  with.  It  does  not  take  long  to  make  the 
analysis  of  the  wire,  however,  and  it  is  advisable  to  do  it.  Instead 
of  titrating  the  excess  of  the  ferrous  salt  with  potassiimi  perman- 
ganate solution,  a  solution  of  potassium  dichromate  may  be  used. 
For  the  determination  of  the  ferric  salt  formed,  cf.  p.  532. 

18.  Determination  of  Vanadium. 

N  V  n      1  »9  4. 

1000  C.C.  j^  KMnO,«-^»«i|^-9.12  gms.  V,0^ 

Sulphur  dioxide  is  conducted  into  the  boiling  solution  of  an 
alkali  vanadate  containing  sulphuric  acid  until  the  solution 
appears  a  pure  blue;  by  this  means  the  vanadic  acid  is  reduced 
to  vanadyl  salt: 

The  boiling  is  continued  and  a  current  of  carbon  dioxide  is 
passed  through  the  solution  until  the  escaping  gas  will  no  longer 
decolorize  a  solution  of  potassium  permanganate,  showing  that 
the  excess  of  the  sulphur  dioxide  has  been  expelled.  The  hot 
solution  is  then  titrated  with  potassiimi  permanganate  until  a 
permanent  pink  color  is  obtained.  The  end-point  is  easily  recog- 
nized only  when  the  solution  is  hot.  This  accurate  determina- 
tion is  used  for  the  analysis  of  vanadium  in  iron  and  steel,  or  in 
ores.     (Cf.  p.  238.) 

*  Of  course  the  calculation  can  be  made  from  the  amount  of  iron  oxi- 
ized.     In  that  case: 

Fe  :  iKNO,  -  (p -<  X 0.28) :  x 

(p-<X0.28)'KNO,  -.^^  .  %     ,_  . 

x^— ^ *  gms.  KNO,  m  a  gm.  of  substance, 

and  in  per  cent. 

100(p-ex0.28)KNO,^     ^^^ 


so 2  VOLUMETRIC  ANALYSIS. 

B.  Potassium  Dichromate  Methods. 

Determination  of  Iron  according  to  the  Method  of  Penny. 
1000  C.C.  N.  K,Cr,Oy  =  l  gm.-at.  Fe=56  gms.  Fe. 

Principle. — If  a  solution  of  a  ferrous  salt,  in  either  hydrochloric 
or  sulphuric  acid,  is  treated  with  an  alkaU  chromate  solution,  the 
chromate  is  at  once  reduced  ur  the  cold  and  the  ferrous  salt  is 
oxidized  quantitatively: 

K2Cr,07+  6FeS04+  SH^SO, = 2KHS0,+ 

-f  Cr2(S0,),+  3Fe,(SO,)3+  7H,0 
or 

K3Cr,07+  6FeCla+  14HC1 =2KC1+ 2Ci€l8+-6FeCl3+  TH^O. 

On  account  of  the  formation  of  the  chromic  salt  the  solution 
becomes  emerald-green  in  color. 

The  end-point  of  the  reaction  is  determined  by  removing  a 
drop  of  the  solution  and  testing  it  with  a  freshly-prepared  solu- 
tion of  potassium  ferricyanide;  if  no  blue  coloration  is  formed, 
the  ferrous  salt  has  been  completely  oxidized. 

N 
The  YTi  potassium  dichromate  solution  necessary  for  this  titra- 

K  Pr  O 
tion  may  be  prepared  by  dissolving     ^    '   ^==4.908  gms.  of  the 

salt,  purified  as  described  on  p.  37,  and  dried  at  130®  C.     It  is  not 

advisable  to   remove  the  last    traces  of  moisture  by  melting 

the  salt,  for,  either  by  overheating  or  by  means  of  the  dust  of  the 

air,  there  is  some  reduction  of  the  chromate,  so  that  subsequently 

a  turbid  solution  will  be  obtained,  containing  small  amounts  of 

suspended  Crjd^, 

Method  of  Titration. — ^To  the  acid   solution  of  the  ferrous  salt 

contained  in  a  beaker  (with  about  0.1  to  0.15  gm.  iron  in  each 

N 
100  c.c.)  the  solution  of  j^r  KjCraO^  is  added,  preferably  from  a 

glass-stoppered  burette. 

From  time  to  time  a  drop  of  the  solution  is  removed  on  the  end 
of  a  glass  stirring-rod  to  a  white  porcelain  plate,  and  placed  beside 
a  drop  of  a  not  more  than  2  per  cent,  solution  of  potassium  ferri- 
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cyanide.*  By  means  of  a  stirring-rod  one  solution  is.  made  to  run 
into  the  other.  If  considerable  ferrous  salt  remains  in  the  solu- 
tion, the  blue  color  will  be  formed  immediately,  but  in  propor- 
tion as  the  ferrous  salt  is  replaced  by  .ferric  salt,  a  bluish-green 
color  is  obtained,  perceptible  at  the  junction  of  the  two  solutions. 
As  soon  as  no  more  bluish-green  coloration  is  to  be  detected  the 
reaction  is  complete.  In  all  cases  the  analysis  is  made  in  dupli- 
cate, and,  other  things  being  equal,  the  second  determination 
should  be  the  more  accurate.  This  time  it  is  possible  to  add 
almost  the  whole  of  the  required  amount  of  bichromate  at  once, 
and  for  the  testing  not  more  than  two  or  three  drops  of  the  dilute 
solution  of  ferrous  salt.  The  loss  of  ferrous  solution  will  then  be 
inappreciable. 

Remark,— -The  dichromate  method  is  slightly  less  accurate 
than  the  permanganate  method,  but  it  possesses  the  advantage 
that  a  solution  of  a  ferrous  salt  containing  hydrochloric  acid  can 
be  titrated  without  the  addition  of  manganese  sulphate,  even 
when  the  solution  is  turbid  with  suspended  insoluble  salts,  fibres 
of  filter-paper,  etc.  In  turbid  solutions  it  is  difficult  to  recognize 
the  permanganate  end-point.  A  further  advantage  lies  in  the 
fact  that  the  normal  dichromate  solution  can  be  readily  pre- 
pared by  simply  weighing  out  the  required  amount  of  the  pure, 
dry  salt,  and  diluting  the  aqueous  solution  to  a  volume  of  1  liter. 
It  is  then  imnecessary  to  test  the  concentration  in  any  other  way. 

Determination  of  Manganese  in  Iron  and  Steel.    Method  of 

J.  Pattinson.f 

Principle, — ^If  a  solution  containing  iron,  manganese,  and  cal- 
cium salts  is  treated  with  "chloride of  lime"  solution,  all  of  tlie  iron 
and  manganese  are  precipitated,  the  latter  in  the  form  of  its 
hydrated  dioxide.  The  whole  precipitate  is  dissolved  in  an  acid 
ferrous  sulphate  solution  of  known  strength,  and.  the  excess  of  the 
latter  is  titrated  with  dichromate  solution: 

*  The  potAssium  ferricyanide  must  be  absolutely  free  from  f errocyanide ; 
and  as  the  fonner  is  readily  reduced  by  the  dust  of  the  air,  the  surface  of 
the  salt  should  be  washed  off  several  times  with  water  before  dissolving  it 
for  the  test  solution.  , 

t  Joum.  of  the  Chem.  Soc.  (1879),  p.  365. 
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Mn02+  2FeO  =  Fe30,+  MnO. 

1000c.c.N.K,CrA=lFe=^=Y=27-5  8^-  **^- 

Procedure, — 6  gms.  of  the  iron  or  steel  (or  1  gm.  of  ferromanga* 
nese)  are  dissolved  in  hydrochloric  acid,  the  solution  oxidized  with 
nitric  acid,  evaporated  to  a  small  volume,  poured  in  a  100-c.c. 
measuring-flask,  and  diluted  up  to  the  mark  with  water.  After 
thoroughly  mixing,  20  c.c.  of  the  solution  are  placed  in  a  large 
beaker  (of  about  1  liter  capacity)  and  neutralized  with  pure  cal- 
cium carbonate.  The  carbonate  is  added  in  small  portions  imtil 
the  solution  finally  becomes  a  dark  brown  but  still  remains  clear. 
After  this  50  c.c.  of  "chloride  of  lime'*  solution*  are  added,  and 
more  calcium  carbonate  with  constant  stirring  until  finally  a  little 
of  the  latter  remains  undissolved.  To  the  slimy  contents  of  the 
beaker  700  c.c.  of  hot  water  are  added,  and  after  stirring,  the  in- 
soluble residue  is  aUowed  to  settle,  which  requires  but  two  or  three 
minutes.  If  the  supernatant  liquid  is  violet,  on  accoimt  of  the 
formation  of  calcium  permanganate,  one  or  two  drops  of  alco- 
hol are  added,  the  liquid  boiled,  and  the  precipitate  again  allowed 
to  settle;  in  this  case  the  upper  liquid  should  be  colorless.  If,  per- 
chance, it  should  be  still  colored,  the  treatment  with  the  alcohol 
must  be  repeated.  The  clear  solution  is  then  decanted  through 
a  filter  which  is  placed  in  a  funnel  containing  a  platinum  cone  and 
connected  with  a  suction  flask.  The  precipitate  is  decanted  with 
300  c.c.  of  hot  water  four  times,  then  transferred  to  the  filter 
without  making  any  attempt  to  remove  the  last  portions  of  the 
precipitate  from  the  sides  of  the  beaker,  and  washed  with  the 
aid  of  suction  until  the  filtrate  will  no  longer  turn  iodo-starch 
paper  blue.  The  precipitate  together  with  the  filter  is  then  placed 
in  the  original  beaker  in  which  the  precipitation  took  place.  50  c.c. 
of  a  freshly-standardized  ferrous  sulphate  solution  containing  sul- 
phuric acid  are  added,  and  the  liquid  is  stirred  imtil  the  precipitate 
has  entirely  dissolved,!  leaving  behind  the  filter-paper  and  some- 
times small  amounts  of  xmdissolved  calcium  sulphate.    The  ex- 

♦  Prepared  by  shaking  15  gras.  of  fresh  bleaching  powder  with  1  liter  of  water 
and  allowing  the  mixture  to  stand  until  the  supernatant  solution  is  clear. 

tif  the  precipitate  should  not  completely  dissolve,  a  little  sulphuric 
acid  (1 : 1)  is  added  until  the  brown  color  entirely  disappears. 
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cess  of  the  ferrous  sulphate  is  titrated  with  p>otassium  dichro- 
mate  solution.  In  order  to  compensate  any  error  that  may  arise 
from  the  presence  of  the  filter-paper,  an  equally  large  filter  is 
placed  in  the  ferrous  sulphate  solution,  when  it  is  standardized. 

The  calculation  is  simple: 

Assume  that  a  gms.  of  steel  are  dissolved  in  100  c.c.  of  the 

solution  and  of  this  20  c.c.  f  =^^ns.  steel]  were  taken  for  the 

analysis;  further,  50  c.c.   of  ferrous  sulphate  solution  =  r   c.c. 

N  a 

Trr  KjCrjOj  and  50  c.c.  ferrous  sulphate+r- gms.  substance =<  c.c. 

N  a  N 

—  KjCrjO,.    Consequently  -=  gms.  substance = (7"—  0  c.c.  ^p:  KjCrjO^. 

lu  o  lu 

Since  1000  c.c.  N.  KjCr^O^  solution =27.5  gms.  Mn,  then  1  c.c. 

N 

r^  KjCrjO,  will  correspond  to  0.00275  gm.  Mn,  and  we  have 

(r— 0X0.00275  gm.  Mn  in  —  gms.  steel  and  in  per  cent. 

o 

(r-OX  1.375  .    ^ 

^ =per  cent.  Mn. 

a 

Remark, — According  to  the  author's  experience,  this  method 
is  one  of  the  best  for  the  determination  of  manganese  in  iron  and 
steel.  As  regards  the  time  required,  four  determinations  can  be 
carried  out  together  within  four  hours.  An  attempt  has  been 
made  to  improve  the  method  by  filtering  off  the  filter  fibres  and 
insoluble  calcium  sulphate  and  titrating  with  permanganate. 
This  is  not  an  improvement,  however,  for  time  is  consumed  by 
the  filtration  and  this  gives  an  oportunity  for  some  of  the  fer- 
rous sulphate  to  become  oxidized,  so  that  the  advantage  of  ob- 
taining a  sharper  end-point  does  not  give  rise  to  more  accurate 
results,  but  quite  the  contrary. 

C.  lodimetry. 

The  fundamental  reaction  of  iodimetry  is  the  following: 

2Na,SA+  l2=2NaI+  Na^SA- 

If  to  a  solution  containing  an  unknown  amoxmt  of  iodine  a 
little  starch  solution  is  added,  and  sodium  thiosulphate  solution 
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is  run  in  from  a  burette,  the  blue  color  wiU  disappear  from  the 
solution  as  soon  as  the  iodine  has  all  been  reduced  to  h^-diiodic 
acid  (sodium  iodide)  in  accordance  with  the  above  equation.  This 
reaction  is  considered  the  most  sensitive  reaction  used  in  analytical 
chemistry.  If,  therefore,  a  sodium  thiosulphate  solution  of  known 
strength  is  at  hand,  we  have  a  means  of  determining  not  only  iodine 
itself,  but  all  of  those  substances  (oxidizing  agents)  which  when 
treated  with  potassium  iodide  set  free  iodine,  or  evolve  chlorine 
when  acted  upon  by  hydrochloric  acid.  Consequently,  iodimetric 
processes  are  not  only  accurate  but  capable  of  most  general  appli- 

N 

cation.    For  most  anal>'ses  a  —  sodium  thiosulphate  solution  and 

N 

a  ^  iodine  solution  are  required,  and  starch  solution  as  indica- 

X 

tor.     In  some  few  cases  r^  solutions  are  used. 


Preparation  of  Sodium  Thiosulphate  Solution. 

From  the  above  equation  it  is  evident  that  1  gm.-at.  1  =  1  gm.- 
mol.  Xa,S20j=l  gm.-at.  H.  Hence,  exactly  -^  gm.-moL  of  cr>-s- 
tallized  sodimn  thiosulphate  (Xa2S20,+  SRjJ)  must  be  taken  for  1 
liter  of  tenth-normal  solution.  Such  a  solution,  however,  would 
rapidly  change  in  concentration,  some  of  the  salt  being  decomposed 
by  the  action  of  the  carbon  dioxide  in  the  distilled  water: 

1 .  Na,S A+  2H,(X), = 2XaHC0,+  H,S,0„ 

2.  H,SA=H,SO,+  S, 

and  the  solution  would  become  stronger,  for  the  sulphurous  acid 
formed  reacts  with  more  iodine  than  the  corresponding  amount 
of  thiosulphate: 

HjSO,+  21+ H,0 = 2HI+  HjSO,. 

After  all  the  carbonic  acid  in  the  distilled  vxtter  has  been  used  up, 
the  solution  can  he  kept  for  months  unlhout  suffering  an  appreciabk 
change  in  concentration  (see  p.  510). 

A  large  amount  of  the  thiosulphate  solution  (about  5  liters) 
is  prepared  by  roughly  weighing  out  the  required  amount  of  the 
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commercial  salt  *  and  after  standing  for  from  eight  to  fourteen 
days,  the  solution  is  standardized  by  one  of  the  following  methods. 

Standardization  of  Sodium  Thiosulphate  Solution. 

1.  With  Pure  Iodine, 

Commercial  iodine  is  contaminated  with  chlorine,  bromine, 
water,  and  sometimes  cyanogen;  it  must  be  purified.  For  this 
purpose  5  or  6  gms.  of  the  commercial  product  are  ground  up  with 
2  gms.  potassium  iodide,  and  any  chlorine  or  bromine  present 
forms  wdth  this  potassium  chloride  or  bromide,  setting  free  an 
equivalent  amount  of  iodine.  The  mixture  is  placed  in  a  dry 
beaker,  B  (Fig.  73),  of  about  300  c.c.  capacity  and  upon  the  beaker 
is  placed  the  bulb-tube  K,  which  is  closed  at  one 
end.  The  latter  is  filled  with  water  at  the  room 
temperature  and  the  glass  is  surrounded  with  an 
asbestos  cylinder  (not  showTi  in  the  illustration). 
The  beaker  is  then  placed  on  wire  gauze  and  heated  g. 
over  a  small  flame.  The  iodine  sublimes  rapidly 
and  collects  as  a  crystalline  crust  on  the  bottom 
of  the  bulb-tube,  and  practically  none  of  it  is  lost. 
As  soon  as  the  evolution  of  violet  vapors  from  the 
bottom  of  the  beaker  has  practically  ceased,  the  sublimation  is 
complete.  The  flame  is  removed,  and  after  allowing  to  cool,  the  bulb- 
tube  K  is  removed  with  the  iodine  adhering  to  it.  In  order  to  remove 
the  latter,  a  current  of  cold  water  is  conducted  through  the  tube  a 
into  the  bulb  and  out  at  6.  This  causes  the  glass  to  contract 
somewhat  and  the  whole  of  the  iodine  crust  can  be  removed  bv 
lightly  pushing  it  with  a  clean  glass  rod.  It  is  caught  upon  a 
watch-glass,  broken  up  into  large  pieces,  and  the  sublimation  is 
repeated  without  the  addition  of  potassium  iodide  at  as  low  a  tem- 
perature as  possible:  in  this  way  a  product  free  from  potassium 
iodide  is  obtained.  The  iodine  thus  prepared  is  ground  somewhat 
in  an  agate  mortar  and  dried  in  a  desiccator  containing  calcium 
chloride.     If  dried  over  sulphuric  acid,  some  of  the  latter  is  likely 

*  The  molecular  weight  of  NajSjOj  +  SHp  is  248.32.     To  prepare  1  liter 

N 
of  Trr  solution  24.832  gms.  of  the  salt  are  necessary,  or,  in  round  numbers, 

25  gms.     For  5  liters,  125  gms.  should  be  weighed  out. 
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to  be  present  in  the  iodine.  Furthermore,  the  cover  of  the  desicca- 
tor must  not  be  greased,  for  grease  is  attacked  by  iodine  vapors^ 
forming  hydriodic  acid,  which  might  cause  contamination. 

The  Weighing  Out  of  the  Iodine, — In  each  of  two  or  three 
small  weighing-tubes  with  tightly-fitting  glass  stoppers  are  placed 
2  to  2^  gms.  of  pure  potassium  iodide  free  from  iodate  and  \  c.c. 
of  water  (not  more),  the  tubes  are  stoppered  and  accurately 
weighed  by  the  method  of  swings.  The  tubes  are  then  opened, 
0.4-0.5  gm.  of  pure  iodine  is  added  to  each,  the  tubes  are  quickly 
stoppered  and  again  weighed;  the  difference  shows  the  amoimt 
of  iodine.  The  iodine  dissolves  almost  instantly  in  the  concen- 
trated potassium  iodide  solution.  One  of  the  tubes  is  then  placed 
in  the  neck  of  a  500-c.c.  Erlenmeyer  flask  which  is  held  in  an 
inclined  position  and  contains  200  c.c.  of  water  and  about  1  gm. 
of  potassium  iodide.  The  tube  is  dropped  to  the  bottom  of  the 
flask,  but  just  as  it  begins  tx)  fall  the  stopper  is  removed  and  allowed 
to  follow  it.  In  this  way  there  is  no  iodine  lost,  which  will  be 
the  case  if  the  contents  of  a  tube  are  washed  into  the  water.*  A 
solution  is  thus  prepared  containing  a  known  amount  of  iodine 
and  to  it  the  sodium  thiosulphate  solution  to  be  standardized 
is  added  from  a  Mohr  burette  xmtil  the  liquid  is  pale  yellow 
in  color.  Now,  2  or  3  cc.  of  starch  solution  are  added  and  the 
solution  carefully  titrated  until  it  becomes  colorless.  From  the 
mean  of  two  or  three  determinations,  the  strength  of  the  thio- 
sulphate solution  is  calculated.    For  example,  it  was  found  that 

(a)  0.5839  gm.  iodine  required  50.07  c.c.  NajSjO,  solution, 

or  1  c.c. =0.01 1661  gm.  iodine. 

(6)  0.5774  gm.      "  "       49.42  c.c.  Na^SjO,  solution, 

or  1  c.c. =0.01 1683  gm.  iodine. 

The  mean  value  is  1  c.c. = 0.01 1672  gm.  iodine. 

If  this  number  is  divided  by  the  amount  of  iodine  which  would 
be  contained  in  1  c.c.  of  normal  iodine  solution,  the  normality 
of  the  sodium  thiosulphate  solution  wilL  be  obtained.    Thus,  in 

this  case  the  soKition  is    '^^^^0,= 0.09201  normal. 


*  Wagner  first  called  attention  to  this  fact,  and  it  has  been  confinned 
in  the  author's  laboratory. 
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2.  With  Potassium  Biiodate  (C.  Than)* 

If  a  solution  of  potassium  biiodate  is  added  to  a  solution  of 
potassium  iodide  containing  hydrochloric  acid,  the  following 
reaction  takes  place: 

KIO3.HIO3+10KH-llHa  =  llKCH-6H,O+  121 

389.86  1522.2 

^  '     j  of  pure  potassium  biiodate 

are  contained  in  one  liter  of  the  aqueous  solution,  10  c.c.  of  such  a 
solution  on  being  treated  with  an  excess  of  potassium  iodide  and  hy- 
drochloric acid  will  set  free  exactly  as  much  iodine  as  would  be  con- 

N 
tained  in  10  c.c.  of  t?:  iodine  solution.     Bv  means  of  such  a  solution 

10 

a  known  amount  of  iodine  may  be  obtained  at  any  time  and  in 
this  way  the  solution  of  sodium  thiosulphate  may  be  standardized. 
At  present  it  is  possible  to  obtain  commercially  very  pure  potas- 
sium biiodate,  but  the  product  is  seldom  pure  enough  for  the 

N  .  . 

preparation  of  a  —  solution.    It  is  better  to  prepare  a  solution 

by  weighing  out  3.2488  gms.  for  1  liter  and  determining  the 
concentration  accurately  by  titrating  it  against  a  solution  of 
thiosulphate  which  has  been  freshly  standardized  against  pure 
iodine.  In  this  wav  a  solution  is  obtained  which  can  be  con- 
veniently  used  from  time  to  time  for  testing  the  concentration 
of  the  thiosulphate  solution. 

Method  of  Titrating. — One  or  two  grams  of  pure  potassium 
iodide  are  placed  in  a  beaker,  dissolved  in  as  little  water  as  possible, 
and  to  this  5  c.c.  of  hydrochloric  acid  (1:5),  and  then  20-25  c.c. 
of  the  biiodate  solution  are  added  (never  in  the  reverse  order). 
Iodine  is  liberated,  immediately  and  quantitatively.  After  dilution 
with  about  200  c.c.  of  distilled  water  and  the  iodine  is  titrated  as 
under  1. 

3.  With  Potassium  Permanganate  {Volhard),1[ 

On  adding  potassium  permanganate  solution  to  an  acid  solu- 
tion containing  potassium  iodide,  the  permanganate  is  reduced 

♦  Zeitschr.  f.  anal.  Chem.,  XVI  (1877),  p.  477. 
t  Ann.  d.  Chem.  u.  Pharm.,  242,  p.  98. 


5^0  VOLUMETRIC  ANALYSIS. 

to  manganous  salt,  while  an  equivalent  amount  of  iodine  is  set 
free  from  the  iodide: 

2KMn04  +  lOKI  + 1 6HC1  =  12Ka  +  2MnCl2 + 8HjO  + 101. 

If  an  accurately-standardized  solution  of  potassium  perman- 
ganate is  at  hand,  it  can,  therefore,  be  used  advantageously  for 
the  standardization  of  the  sodium  thiosulphat^  solution.  The  pro- 
cedure is  the  same  as  was  described  with  the  potassium  biiodate 
solution, 

4.  With  Potassium  Bichromate* 

Similarly,  an  acid  solution  of  potassium  iodide  will,  in  the 
cold,  quantitatively  reduce  chromic  acid  to  green  chromic  salt, 
setting  free  an  equivalent  amount  of  iodine: 

KjCr^Oy  +  6KI  +  14HC1 = 8KC1 + 2CrCl3 + TH^O + 61. 

By  weighing  out  4.908  gms.  of  pure,  dry  potassium  diohro- 
mate  a  tenth-normal  solution  is  prepared  and  a  measured  amount 
of  it  is  added  to  the  acid  solution  containing  potassium  iodide.  In 
this  case,  however,  the  solution  is  diluted  with  500-600  c.c.  of 
water,  for  here  the  color  change  is  not  from  blue  to  colorless  but 
from  blue  to  light  green.f  With  too  concentrated  solutions  the  end- 
point  is  indistinct,  so  that  a  considerable  dilution  is  necessary. 

Permanence  of  —  Sodium  Thiosulphate  Solutions. 

A  two-months-old  sodium  thiosulphate  solution  was  stand- 
ardized against  pure  iodine  in  June,  1899,  and  its  concentration 
found  to  be 

1  c.c.  =  0.011672gm.  I. 

In  March,  1900,  or  about  eight  months  later,  the  same  solution 
of  thiosulphate  was  again  standardized  and  found  to  be 

1  c.c.  =  0.011667. 


*  Zulkowski,  Joum.  prakt.  Chem..  103  (1868).  p.  362. 
j-  In  all  these  methods  starch  solution  is  added  toward  the  end  of  the  reac- 
tion.   See  p.  608. 
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At  the  end  of  eight  months,  therefore,  the  concentration  of 
the  solution  was  practically  unchanged.  Frequently  the  addition 
of  ammonium  carbonate  is  reconmiended  in  order  to  obtain  a  more 
permanent  solution;  it  has  the  opposite  effect. 

Preparation  of  —  Iodine  Solution. 

There  is  no  advantage  to  be  obtained  by  dissolving  the  theo- 
retical amount  of  sublimed  iodine  in  a  definite  volume  of  solution, 
for  the  latter  cannot  be  kept  ver>'  long  unchanged.  It  is  more 
practical  to  prepare  the  iodine  solution  by  placing  20-25  gms.  of 
pure  potassium  iodide  in  a  liter  flask  dissolvirxg  it  in  as  little  water 
as  possible  and  then  adding  about  12.7  gms.  of  commercial  iodine, 
weighed  out  roughly  on  a  watch-glass.  The  contents  of  the  flask 
are  shaken  until  the  iodine  is  all  dissolved.  When  this  is  accom- 
plished, the  solution  is  diluted  up  to  the  mark  with  water  and 
standardized  according  to  one  of  the  following  methods. 

N 
1.  With  j^  Sodium  Thiosvlphaie  Solutian. 

Of  the  thoroughly  mixed  iodine  solution,  25  c.c.  are  titrated 

with  the  standard  sodium  thiosulphate  solution. 

N 
If  25  c.c.  of  iodine  solution  require  25.16  c.c.  of  TrrNajSjO, 

N 
solution,  1  c.c.  of  the  former  ==1.0004  c.c.  of  -tt:  solution,  or,  in 

other  words,  the  solution  is  0.10064  normal. 

N 
2.  With  —  Arsenimis  Add. 

If  iodine  is  allowed  to  act  upon  an  (icid  solution  of  arsenious 
acid,  a  reaction  takes  place,  but  at  different  dilutions  different 
amounts  of  iodine  are  required  for  the  same  amount  of  areenious 
acid.    The  reaction  is  a  reversible  one: 

As,08+2H,0+4I  ^  4HI+ As,0|. 

Now,  if  the  hvdriodic  acid  is  inunediatelv  removed  from  the 
solution  as  fast  as  it  is  formed,  the  reaction  will,  in  the  cold. 
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proceed  quantitatively  in  the  direction  from  left  to  right.    The 

removal  of  the  hydriodic  acid  is  effected  by  the  addition  of  an 

alkali  which  is  itself  unacted  upon  by  iodine.    Naturally,  alkali 

hydroxides'  cannot  be  used  for  this  purpose,  for  they  absorb  a 

measurable  quantity  of  the  iodine.    In  fact  only  the  bicarbonates 

of  the  alkalies  are  without  action  upon  iodine,  so  that  sodium 

bicarbonate  is  used  for  the  neutralization  of  the  hydriodic  acid 

formed  by  the  above  reaction. 

As,0      198 
From  the  equation,  it  is  evident  that  1  gm.-at.  1=^   '^"X'  '^ 

49.5  gms.  AsjOj,  and  —  gm.-at.  I  corresponds,  therefore,  to  4.95 

N 
gms.  .\SjO,=the  amoimt  necessary  for  1000  c.c.  of  -^  solution. 

N 
For  the  preparation  of  the  rr  arsenious  acid  solution,  the 

vitreous  form  of  conmiercial  AsjOj  is  sublimed  from  a  porcelain  dish 
upon  a  watch-glass.  If  arsenic  trisulphide  is  present  (shown  by  a 
yellow  sublimate  being  first  formed)  the  preparation  must  be  previ- 
ously purified.  For  this  purpose  it  is  dissolved  in  hot  hydrochloric 
acid  (1:2),  the  insoluble  sulphide  filtered  off,  and  the  arsenic 
trioxide  caused  to  deposit  by  cooling  the  filtrate.  After  pour- 
ing off  the  mother-liquor,  the  crystals  are  washed  several  times 
with  water,  dried  on  the  water-bath,  and  the  pure  substance 
obtained  by  sublimation.  After  standing  for  twelve  hours  in 
a  desiccator  over  calcium  chloride,  4.95  gms.  of  the  oxide  are 
accurately  weighed  out  into  a  porcelain  dish  and  dissolved  by 
warming  with  a  little  concentrated  sodium  hydroxide  solution. 
After  two  or  three  minutes  all  will  be  dissolved.  The  solution  is 
now  poured  through  a  funnel  into  a  graduated  liter  flask,  and 
the  dish  carefully  washed  out  with  water.  A  drop  of  phenol- 
phthalein  is  added  to  the  contents  of  the  flask  and  pure  dilute 
sulphuric  acid  until  the  solution  is  decolorized.  About  20  gms. 
of  sodium  bicarbonate  are  dissolved  in  500  c.c.  of  water  and  the 
filtered  solution  is  added  to  the  barely-acid  contents  of  the  flask. 
If  the  mixture  reacts  alkaline  (shown  by  the  red  color  of  the 
phenolphthalein),  a  few  drops  of  sulphuric  acid  are  added  until 
it  becomes  colorless,  after  which  the  solution  is  diluted  up  to  the 
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maik  with  water.  After  thoroughly  mixing,  a  burette  is  filled 
with  it  and  titrated  against  a  measured  amount  of  iodine  solution 
as  under  1. 

The  Starch  Solution. 

About  5  gms.  of  powdered  starch  are  nibbed  into  a  paste  with 
a  little  cold  water,  and  the  paste  is  slowly  added  to  a  liter  of  boiling 
water  contained  in  a  porcelain  dish.  The  boiling  is  continued 
for  one  or  two  minutes  so  that  an  almost  clear  solution  is  obtained 
The  liquid  is  cooled  by  placing  the  dish  in  cold  water,  and  after 
standing  overnight  the  clear  liquid  is  filtered  into  small  50-c.c. 
medicine  bottles.  These  are  placed  in  a  water-bath  and  filled 
up  to  the  neck  with  the  starch  solution,  heated  two  hours,  and 
closed  by  means  of  soft  stoppers  before  removing  from  the  hot- 
water  bath.  The  solution  thus  sterilized  can  be  kept  almost 
indefinitely  without  the  slightest  trace  of  mould  formation.  Such 
a  solution  prepared  according  to  the  above  directions  by  H.  N. 
Stokes  remauied  perfectly  clear  after  standing  1^  years  and  was 
as  sensitive  then  as  when  first  made  up.  After  opening  the  bottle, 
mould  begins  to  form  within  one  week,  which  explains  why  the 
solution  is  poured  into  small  bottles;  it  may  then  be  used  before 
it  becomes  spoiled. 

It  is  nowadavs  much  more  convenient  to  use  the  Zulkowskv 
"soluble  starch,"  which  is  obtained  commercially  in  the  form 
of  a  paste.  The  reagent  is  prepared  by  dissolving  a  Uttle  of  the 
paste  in  cold  water. 

Sensitiveness  of  the  lodo-Starch  Reaction, 

As  already  mentioned  in  Vol.  I,  p.  267,  iodine  produces  a 
blue  color  with  starch  only  when  hydriodic  acid  or  a  soluble  iodide 
is  present,  and  further  the  formation  of  the  blue  color  depends 
not  only  upon  the  presence  of  iodide  but  is  largely  influenced 
bv  the  concentration  of  the  iodide  solution.  With  the  same 
amount  of  iodide  and  different  volumes  of  liquid  quite  different 
amounts  of  iodine  are  necessary  to  produce  the  blue  color.  Fr  m 
tills  it  is  evident  that  in  any  iodimetiic  analysis  about  the  same 
concentration  should  be  maintained  as  in  the  caae  of  the  stai.u- 
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N 
ardization  of  the  solutions  used  for  the  analysis.    When  -r^  solutioas 

are  used,  the  error  produced  by  not  following  this  rule  b  a  small 

one  and  for  most  purposes  can  be  n^lected.    On  the  other  hand, 

N 
when  an  analysis  is  made  with  -r^  solutions,  a  laige  error  may 

be  Introduced. 

To  show  what  the  error  can  amount  to,  the  following  results 

will  be  given.   To  each  of  the  following  amounts  of  water,  1.5  c.c. 

N 
of  starch  solution  were  added  and  then  y^  iodine  solution  until 

a  barely-visible  coloration  was  obtained. 

N 
c.c.  Water.  r^  Iodine  Sdution. 

50 0. 15  c.c. 

100 0.30   " 

150 0.47   " 

200 O.W   " 

These  experiments  were  repeated  using  3  c.c.  of  the  starch 
solution  with  almost  the  same  results.  But  when  to  each  1 
gm.  of  potassium  iodide  was  added,  the  following  results  were 
obtained: 

N 
Water.  -rnn  lod*'*®  Solution. 

50  c.c.-f  1  gm.  KI 0.04  c.c. 

0.04   " 

o.at  " 

0.14  " 

0.32  " 

0.32  " 

0.32  " 


The  results  show  that  the  amount  of  iodine  solution  nec?3sarv 
to  produce  the  blue  color  in  the  absence  of  potassium  iodide  *  is 

'    *  With  the  exception  of  the  potassium  iodide  contained   in  the  iodine 
solution  itself. 


100 

«  +1  "  « 

150 

"  +1  "  " 

200 

"  +1  "  " 

500 

"  +1  "  " 

500 

"  +3gms." 

620 

"  +3  "  " 
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directly  proportioned  to  the  dilution.  If  the  solution  contains 
1  gm.  of  potassium  iodide,  a  blue  color  will  be  produced  by  the 
same  amount  of  iodine  solution  as  long  as  not  more  than  150  c.c. 
of  solution  are  present,  but  with  a  greater  volume  than  that,  more 
iodine  is  necessary  independent  of  whether  the  solution  contaias 
1  gm.  or  more  of  potassium  iodide. 

In  order  to  show  the  action  of  the  iodide  more  distinctly,  a 
very  dilute  iodine  solution  was  added  to  50  c.c.  of  water  containing 
starch  solution  and  in  the  absence  of  iodide,  15  c.c.  were  added 
before  the  blue  color  was  permanent.  After  adding  1  gm.  of 
potassium  iodide,  it  was  only  necessarj^  to  add  1.5  c.c.  of  the 
dilute  iodine. 

WTien  solutions  were  used  without  the  addition  of  potassium 
iodide,  the  same  amoimt  of  iodine  solution  (0.03  c.c.*)  was 
necessary  when  not  more  than  300  c.c.  of  water  were  present. 
With  600  c.c.  of  water,  0.06  c.c.  of  iodine  was  necessary,  and  with 
1000  c.c.  it  was  found  that  0.15  c.c.  of  iodine  solution  was  re- 
quired. On  the  other  hand,  when  the  solution  contained  1  gm. 
of  potassium  iodide,  only  0.06  c.c.  of  iodine  was  necessary  in 
1000  c.c.  of  liquid.f 

Analyses  by  Iodimetric  Processes. 

Determination  of  Free  Iodine. 

N 
1000  c.c.  r^  iodine  solution  » 12.685  gm.  I. 

The  iodine  is  dissolved  in  a  solution  cf  potassium  iodide.  The 
solution  is  titrated  either  with  sodium  thiosulphate  or  with  arse- 
nious  acid  exactly  as  described  under  the  standardization  of  an 
iodine  solution. 

Determination  of  Chlorine  in  Chlorine  Water. 

N 
lOOQ  c.c.  —  iodine  solution  0  3.545  gm.  CL 

♦0.03  c.c.  =1  drop. 

t  The  temperature  of  the  solution  also  exerta  an  influence.  Other  things 
being  equal,  the  end-point  is  best  obtained  in  a  cold  solution.  — [Translator.] 
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A  measuied  amount  cf  chlorine  water  is  added  to  a  solution 
containing  an  excess  of  potassiuni  iodide.  The  point  of  the 
pipette  should  be  held  just  above  the  surface  of  the  iodide  solution 
and  the  latter  should  be  contained  in  a  glass-stoppered  bottle. 
After  the  chlorine  water  has  been  added,  the  contents  of  the 
bottle  are  vigorously  shaken,  and  the  iodine  sec  free  is  titrated 
with  sodium  thiosulphate  as  above: 

EI+a=Ka-i-I. 

Determination  of  Bromine  in  Bromine  Water. 
\ 

1000  c.c  ^  iodine  solutioa^  7.996  gm.  Br. 

The  procedure  is  the  same  as  under  2: 

KI+Br=KBr+I. 


of  Hypochlorous  Acid  in  the  Presence  of  Chlorine. 

The  determination  is  based  upon  the  following  reactions: 

HOa+2KI  =  Ka+KOH+I,; 
CI,+2KI=2Ka+I,. 

1  gm.-mol.  of  hypochlorous  acid  sets  free  1  gm.-mol.  of  iodine, 
but  produces  at  the  same  time  1  gm.^nol.  of  potassium  hydroxide, 
while  the  chlorine  simply  sets  free  an  equivalent  amount  of  iodine. 
After  neutralizing  the  alkali  by  means  of  an  excess  of  hydrochloric 
acid  and  detennining  the  iodine  by  titration  with  sodium  thio- 
sulphate, the  excess  of  M^drochloric  acid  is  titrated  with  standard 

alkali  solution. 

N 
Procedure. — A  measured  volume  of  —  hydrochloric   acid   is 

added  to  a  potassium  iodide  solution,  to  this  a  known  amount 

of  the  mixture  of  chlorine  and  h3rpochlorous  acid  is  added,  and  the 

N 
iodine  set  free  is  titrated  with  —  thiosulphate  solution.    The  now 

colorless  solution  is  treated  with  meth}^  orange  and  the  excess  of 

N 
hydrochloric  acid  is  titrated  with  —  NaOH.    The  KOH  produced 

by  the  action  of  the  hypochlorous  acid  upon  the  iodide  requires 
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N  N 

half  as  much  r^  acid  for  neutralization  as  are  required  of  jzriis^O^ 

solution  to  react  with  the  iodine  set  free  by  the  action  of  the  hypo- 
chlorous  acid. 

Example. — If  V  c.c.  of  chlorine -fhypochlorous  acid  were  taken 

N  N 

for  analysis,  t  c.c.  ^  HCl  present  at  the  start,  T  c.c.  j^  NajSjO, 

N 
used  for  titrating  the  iodine,  and  t^  c.c.  t^  NaOH  for  titrating  the 

N 
excess  of  acid,  then  t—ti  c-C-tt;  acid  were  required  to  neutralize 

N 
the  potassium  hydroxide  and   2(<— ij)  c.c.  ^^  NajSjO,  to   react 

*sdth  the  iodine  formed  from  the  hypochlorite. 

Hence  (f-ij)  0.005246  *=gm.  HOCl  in  V  c.c.  solution 
and 

T-2{t-t^)  0.003545-gm.  CI  in  V  c.c.  solution. 


Determination  of  Iodine  in  Soluble  lodides.t 

(a)  By  Decomposition  with  Ferric  Salts, 

If  a  solution  of  a  soluble  iodide  is  treated  with  an  excess  of 
iron-anmionium  alum  and  acidified  with  sulphuric  acid,  the 
ferric  salt  will  be  reduced  to  ferrous  salt  with  separation  of  iodine: 

Fe,(SOJ, + 2HI = H^SO^  +  2FeS0,  + 1,. 

If  the  solution  is  heated  to  boiling,  the  iodine  escapes  with 
the  steam  and  can  be  collected  in  a  solution  of  potassium  iodide 
and  then  titrated  with  sodium  thiosulphate  or  arsenious  acid. 
This  method  is  suited  for  separating  iodine  from  bromine,  for 
bromides  do  not  reduce  ferric  salts.  The  bromide  will  be  found 
in  the  residue  obtained  after  the  distillation,  and  is  best  deter- 
mined gravimetrically. 


*  HOCl  -52.46;  1  c.c.  ^  solution  -0.005246  gm.  HOa. 

t  In  the  case  of  insoluble  iodides,  the  metal  must  first  be  removed  if  the 
iodine  is  to  be  determined  volumetrically.  This  can  be  accomplished  by 
the  method  of  Meusel  (Zeitschr.  f.  anal.  Chem.,  12, 137).  It  may  be  said,  how- 
ever, that  the  volumetric  method  offers  no  advantages  over  the  gravimetric 
one. 
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(6)  By  DecomposUion  with  Nitrous  Add  {Freseniua). 

This  excellent  method,  which  is  especially  suited  for  deter- 
mining small  amounts  of  iodine  in  the  presence  of  bromine  and 
chlorine  in  mineral  waters,  depends  upon  the  easy  oxidation  of 
hydriodic  acid  by  means  of  nitrous  acid: 

2HI  +  2HNO,=2H,0  +  2NO+2I. 

Hydrochloric    and    hydrobromic    acids    are   not   attacked   by 

nitrous  acid. 

Procedure. — In   the  small    apparatus   shown   in   Fig.    74   the 

neutral  or  slightly  alkaline  solution  of  the  iodide  b  placed;  it  is 
slightly  acidified  with  dilute  sulphuric  acid,  and 
a  little  freshly-distilled,  colorless  carbon  bisulphide 
{or  chloroform)  is  added,  so  that  it  does  not  quite 
reach  to  the  stop-cock,  near  the  bottom  of  the  tube. 
Then  two,  or  at  the  most  three,  drops  of  "nitrose"* 
are  added,  the  tube  stoppered  and  vigorously 
shaken,  after  which  the  carbon  bisulphide  is 
allowed  to  settle  once  more.  The  small  amount 
of  the  latter  which  at  first  adheres  to  the  glass 
sides  is  made  to  run  to  the  bottom  by  revolvii^ 
and  inclining  the  tube.  On  the  upper  surface  of 
the  liquid  there  will  still  remain  a  few  tiny  drops 
of  carbon  bisulphide.  To  obtain  these  a  funnel 
containing  a  filter  moistened  with  water  is  placed 
under  the  glass  stop-cock,  the  stopper  is  removed 
from  the  tube  and  the  aqueous  solution  is 
allowed  t*>  run  through  the  filter,  but  the  carbon 
bbulphide  will  remwn  behind  on  the  paper. 
The  carbon  bisulphide  remaining  in  the  tube  is 
shaken  three  times  with  successive  portions  of 
distilled  water,  and  each  time  the  latter  is  allowed 
to  run  off  through  the  same  filter.  The  funnel  is 
then  placed  at  the  top  of  Ihe  tube,  pimctured  with 
Fio.  74.         ^^  pointed  glass   rod,   and   the   carbon   bisulphide 

washe<l  into  the  tube  by  means  of  about  0.5  c.c.  of  water.     After 
•  Cf.  VoL  I,  p.  285. 
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this  one  or  two  drops  of  sodium  bicarbonate  solution  are  added 
and  thoroughly  shaken  with  the  carbon  bisulphide,  then  standard 
sodium  thiosulphate  solution  is  added  until  the  reddish-violet 
carbon  bisulphide  solution  becomes  colorless. 

The  value  of  the  sodium  thiosulphate  solution  is  not  determined 
as  ordinarily,  but  by  means  of  a  potassium  iodide  solution  treated 
as  above  described. 

Remark, — This  method  is  useful  for  determining  small  amounts 
of  iodine  in  the  presence  of  relatively  large  amounts  of  chlorine 
and  bromine,  as  in  the  analysis  of  mineral  waters.  For  the  stand- 
ardization of  the  sodium  thiosulphate  solution,  as  nearly  as  possible 
the  same  amount  of  potassium  iodide  is  used  as  is  present  in  the 
unknown  solution;  this  is  determined  by  the  color  of  the  carbon 
bisulphide.  Pure  potassium  iodide  must  be  used  for  this  purpose, 
and  its  purity  tested  by  means  of  a  gravimetric  determination  of 
the  iodine  present  in  the  salt  after  it  has  been  dried  at  170^-180°  C. 

The  reason  the  sodium  thiosulphate  solution  must  be  stand- 
ardized in  this  way  is  as  follows: 

When  an  aqueous  solution  containing  iodine  is  shaken  with 
carbon  bisulphide,  not  all  of  the  iodine  but  the  greater  part  of 
it  will  pass  into  the  latter  solvent.*  The  error  is  compensated, 
however,  by  standardizing  the  solution  in  the  same  way. 

*  If  the  solution  of  a  substance  is  shaken  with  another  solvent  in  which 
the  former  does  not  mix,  the  original  amount  of  the  substance  divides  itseK 
between  the  two  solvents,  and  in  fact  the  concentration  of  one  solution 
(amount  of  the  dissolved  substance  present  per  cubic  centimeter)  always 
bears  a  constant  relation  to  that  of  the  other. 

Thus  if  Xo  gms.  of  iodine  are  dissolved  in  V  c.c.  of  water,  and  the  solution 
is  shaken  with  V^  c.c.  of  carbon  bisulphide,  then  x^  gms.  of  iodine  will  remain 
in  the  aqueous  solution  and  Xq—x^  gms.  will  pass  into  the  carbon  bisul- 
phide. 

The  amount  x  is  found  by  the  following  equation: 

y  IT        J* 

rr  and     -^   ^  are  the  concentr.tions  in  each  of  the  solutions  and  k  is  the  dis 

*  '1 

tribiUion  coefficient,  which  is  j^xs  for  iodine.^     If  the  aqueous  solution  is  now 

shaken  with  the  same  amount  of  fresh  carbon  bisulphide,  then  X2  gms.  rf 

^Berthelot  and  Jun«fleiach,  Comptes  rend..  60.  P-  338. 


\ 
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If,  after  shaking  with  carbon  bisulphide,  the  aqueous  solution 
still  appears  yellow,  it  must  be  treated  a  second,  and  perhaps 
a  third,  time  with  fresh  amounts  of  carbon  bisulphide. 

Determination  of  Bromine  in  Soluble  Bromides  (Bmisen). 

If  chlorine  water  is  added  to  a  colorless  bromide  solution  in 
a  porcelain  dish,  the  solution  becomes  yellow: 

KBr-fa=KCl-l-Br. 

If  it  is  heated  to  boiling,  the  bromine  is  expelled  and  the  solu- 
tion becomes  colorless  again.  The  addition  of  the  chlorine  water 
is  continued  until  finally  no  yellow  coloration  is  produced. 

Preparation  and  Standardization  of  the  Chlorine  Water. 

100  c.c.  of  a  saturated  chlorine  water  are  diluted  to  500  c.c. 
and  titrated  against  a  weighed  amount  of  pure  potassium  bromide 
which  has  been  dried  at  170®  C,  the  same  amount  of  bromide  being 
taken  for  the  standardization  as  is  supposed  to  be  present  in 
the  solution  to  be  analyzed.  During  the  titration,  the  burette 
containing  the  chlorine  water  is  enveloped  in  black  paper  to  pro- 
tect its  contents  from  the  light,  and  the  tip  of  the  burette  is  held 

iodine  will  remain  in  the  water  and  x^  — x,  will  be  extracted  by  the  carbon 
bisulphide.     In  this  case,  however, 


(kV    \  ' 
y  _^yf^J    gms.  iodine, 


so  that  after  shaking  n  times  with  fresh  portions  of  carbon  bisulphide,  the 
amoimt  of  iodine  remaining  in  the  water  would  be : 

(3)    ^"^(vrqpi^)     gms.  iodine. 

Assuming  that  in  the  analysis  0.005  gm.  of  iodine  was  dissolved  in 
10  c.c.  of  water  and  that  this  solution  was  shaken  once  with  1  c.c.  of  carbon 
bisulphide,  then  according  to  equation  (1) 

i^^^^  1 

«, -0.005-^^^^ -0.005.|j- -0.0001  gnu  iodine 

^^400 
would  remain  dissolved  in  the  water,  or  an  amoimt  that  can  be  neglected* 
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just  above  the  surface  of  the  hot  bromide  solution,  so  that  as 
little  chlorine  as  possible  is  lost  by  evaporation. 

Detennination  of  Iodine  and  Bromine  in  Mineral  Waters. 

According  to  the  amount  of  halogen  present,  from  5  to  60  liters 
of  water  are  taken  for  the  analysis. 

The  amount  of  bromine  and  iodine  present  is  usually  small 
compared  with  the  chlorine,  so  that  the  residue  obtained  by  the 
evaporation  of  a  lai^ge  amount  of  water  cannot  be  used  directly 
for  the  analysis,  but  by  partial  crystallization  a  mother-liquor 
rich  in  bromide  and  iodide  must  first  be  obtained. 

Procedure, — ^The  water  is  placed  in  a  large  porcelain  evaporating- 
dish,  a  liter  at  a  time,  and  if  not  already  alkaline,*  enough  pure 
sodium  carbonate  solution  is  added  to  make  it  distinctly  so,  and 
the  water  is  evaporated  to  about  one-fourth  of  its  original  volume. 
This  causes  the  separation  of  some  calcium  and  magnesium  car- 
bonates in  the  presence  of  hydroxides  of  iron  and  manganese, 
while  all  of  the  halogen  salts  remain  in  solution.  The  residue 
is  filtered  off  and  thoroughly  washed  with  water.  The  filtrate 
is  further  concentrated  until  salts  begin  to  crystallize  out,  and 
the  hot  solution  is  then  poured  into  three  times  its  volume  of 
absolute  alcohol ;  this  causes  the  greater  part  of  the  sodium  chloride 
and  other  undesired  salts  to  precipitate.  After  standing  twelve 
hours,  the  alcoholic  liquid  is  filtered  and  the  residue  washed  five 
or  six  times  with  95  per  cent,  alcohol. 

The  alcoholic  solution,  which  contains  all  of  the  iodine  and 
bromine  with  considerable  chlorine  in  the  form  of  the  alkaline 
salts,  is  treated  with  five  drops  of  concentrated  potassium  hydroxide 
solution  and  alitiost  all  of  the  alcohol  distilled  off,  while  a  current  of 
air  is  passed  through  the  solution  by  means  of  a  capillary  tube 
reaching  to  the  bottom  of  the  liquid  in  the  distilling-flask. 

The  residue  from  the  distillation  is  further  concentrated  until 
salts  again  begin  to  crystallize  out  and  the  precipitation  with  alco- 
hol is  repeated.  The  alcohol  is  again  distilled  off,  but  this  time 
with  the  addition  of  only  one  or  two  drops  of  potassium  hydroxide 


*  The  solution  is  alkaline  if  after  the  addition  of  phenolphthalein  the 
solution  turns  red  on  boiling. 
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solution.  According  to  the  amount  of  salts  present  in  solution 
this  operation  is  repeated  from  three  to  six  times.  The  final 
filtrate,  after  the  alcohol  has  been  distilled  off,  is  placed  in  a  plati- 
num dish,  evaporated  to  dryness,  the  dish  covered  with  a  watch- 
glass,  and  the  residue  gently  ignited  to  destroy  organic  matter. 
The  residue  from  the  ignition  is  dissolved  in  a  little  water,  the 
carbonaceous  material  filtered  off,*  the  solution  slightly  acidified 
with  dilute  sulphuric  acid,  the  iodine  liberated  by  the  addition  of 
one  or  two  drops  of  "nitrose,"  and  titrated  with  sodium  thio- 
sulphate,  after  shaking  with  chloroform,  as  described  on  p.  518.t 
The  bromine  is  determined  in  the  aqueous  solution  obtained  after 
the  extraction  of  the  iodine  with  chloroform.  The  acid  solution  is 
made  alkaline  by  the  addition  of  sodium  carbonate  solution,  two 
drops  of  a  saturated  sugar  solution  are  added,  and  the  solution 
evaporated  to  dryness  in  a  platinum  dish.  With  a  watch-glass 
upon  the  dish,  the  residue  is  gently  ignited  in  order  to  destroy  the 
sugar  and  the  excess  of  nitrite.J  After  this  has  been  accomplished 
the  residue  is  dissolved  in  water,  filtered,  acidified  slightly  with 
sulphuric  acid,  and  the  bromine  titrated  with  chlorine  water  as 
described  on  p.  620. 

Remark, — If  sufficient  mineral  water  is  available  it  is  better  to 
divide  the  mother-liquor  containing  the  bromide  and  iodide  into 
two  portions;  in  one  portion  the  iodine  is  determined  as  before, 
while  in  the  other  the  bromine  and  iodine  are  determined  by 
titration  with  chlorine  water.§ 

Analysis  of  Peroxides  (Bunsen). 

All  peroxides  of  the  heavy  metals,  which  evolve  chlorine  on 
treatment  with  hydrochloric  acid,  can  be  determined  with  great 

*  If  the  filtrate  is  not  completely  colorless,  it  is  evaporated  and  again 
ignited. 

t  Lecco  determines  the  iodine  colorimetrically  (Zeitschr.  f.  anal.  Chem., 
XXXV,  p.  318). 

X  The  addition  of  the  sugar  causes  the  nitrite  to  be  destroyed  at  a  lower 
temperature  th  n  would  otherwise  be  the  case,  and  the  daiiger  of  losing 
bromine  by  volatilization  is  avoided. 

§  As  the  chlorine  water  was  standardized  against  bromine,  an  amount 
of  the  latter  equivalent  to  the  iodine  present  is  deducted  from  the  amount 
represented  by  the  chlorine  water  used;  the  difference  shows  the  bromine 
present. 
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accuracy  by  conducting  the  chlorine  into  potassium  iodide  solu- 
tion and  titrating  the  deposited  iodine  with  sodium  thiosulphate 
or  arsenious  acid  solution.  It  is  only  necessary  to  make  sure 
that  the  chlorine  is  allowed  to  act  upon  the  potassium  iodide 
without  loss.  For  all  such  determinations,  Bunsen  employed  the 
apparatus  shown  in  Fig.  75.  The  small  decomposition-flask  of  about 
40  c.c.  capacity  has  a  ground-glass  connection  with  the  delivery- 


Fio.  75. 

tube  *  and  is  held  firmly  iii  place  by  means  of  rubber  rings,  as  at  a. 
The  lower  end  of  the  bent  delivery-tube  is  drawn  out  into  a  not- 
too-small  capillary. 

Procedure. — The  finely-powdered  substance  is  placed  in  the 
small  glass-stoppered  weighing-tube  (Fig,  75,  B),  which  has  a 
small  piece  of  glass  fused  on  the  end,  and  weighed.  The  tube  is 
then  taken  hold  of  by  means  of  the  glass  at  the  bottom,!  intro- 
duced into  the  neck  of  an  absolutely  dry  decomposition-Sask, 
and  the  required  amount  of  the  substance  is  allowed  to  fall  into 
it  by  carefully  revolving  the  weighing-tube.  On  again  weighing 
the  tube,  the  amount  of  substance  taken  is  determined.  Hydro- 
chloric acid  is  now  added  (its  concentration  depends  upon  the 
nature  of  the  substance),  the  delivery  tubing  is  at  once  connected 
with  the  flask  and  introduced  into  the  retort  containing  potassium 
iodide  solution.  By  means  of  a  tiny  flame,  the  contents  of  the 
flask  are  heated  to  boiling  and  from  half  to  two-thirds  of  the  liquid 

*  Instead  of  the  ground-fclasH  conneotion,  Bunaen  used  a  tube  of  the 
same  site  as  the  ncek  of  the  flask  and  connected  them  with  rubber  tubing, 
the  two  glass  tul>es  being  against  one  another. 

t  By  holding  the  tube  in  this  way,  deviations  of  weight,  due  to  unequal 
wanning,  are  avoided. 
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is  distilled  over  into  the  retort.    In  order  to  prevent  the  iodide 

solution  from  sucking  back  into  the  flask,  the  delivery-tube  is 

taken  out  of  the  retort  before  removing  the  flame;  the  contents 

of  the  tube  are  then  washed  into  the  retort. 

The  potassium  iodide  solution  is  poured  into  a  large  beaker, 

the  retort  washed  out  several  times  with  a  little  water,  and  then 

with  potassium  iodide  solution  in  order  to  remove  any  iodine 

which  may  remain  adhering  to  the  glass.    The  iodine  is  titrated  with 

N 

•TTv  sodium  thiosulphate  solution.    In  this  way  pyrolusite,  chro- 

mates,  lead  peroxide,  minium,  ceiic  oxide,  selenic,  telluric,  and 
molybdic  acids  may  be  analyzed. 

Determination  of  Manganese  Dioxide  iir  Pyrolusite. 

1000  C.C.  ^  Na^,0,8olution-^^'-^-4.35  gma.  MnO,. 

How  much  p)rrolusite  shall  be  taken  for  the  analysis?  * 

If  possible,  an  amount  should  be  taken  for  analysis  which  will 

N 
not  require  more  than  one  buretteful  of  the  —  NaaS^O,  solution. 

We  assume  that  the  sample  contains  100  per  cent,  of  MnO,,  and 
calculate  how  much  of  the  latter  would  correspond  to  50  c.c.  of 

^NaAO,: 

N 
1  c.c.  rjr  solution: 0.00435  gm.  MnO,=50:a5; 

X=50X0.00435=0.2175  gm.  MnO,. 

Consequently  for  the  analysis  about  0.2  gm.  of  the  substance 
is  taken,  which  has  been  dried  at  100®  C.  To  this  25  c.c.  of  hydro- 
chloric acid  (1:2)  are  added  and  the  analysis  is  made  as  described 
above. 

*  This  is  applicable  to  almost  every  volumetric  analysis.  To  insure  the 
most  accurate  results,  the  concentration  of  the  standard  solution  and  the 
weight  of  substance  taken  for  analysis  should  be  so  chosen  that  between  35 
and  50  c.c.  of  the  reagent  are  used  in  the  final  titration.  In  this  way  the  errors 
in  determining  the  end-point,  reading  the  burette,  etc.,  will  not  influence  the 
result  appreciably. — [Translator.] 
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The  calculation  is  based  upon  the  following  equations; 
MnOa+4HCl=2H,0+MnC!la+Ca,, 

2a=2I=lMnO„ 

ICl  -  II = JMnOj = 43.5  gms. 

The  amount  of  substance  taken  for  analysis » a  gms.,  and  the 

N 

jjYjT  Na^S^Og  solution  used  for  the  titration  of  the  iodine  »<  o.c.    Then 

a:/x0.00435=100:»; 

0.435/  ^  lui  r\ 

X— =per  cent.  MnO*. 

The  determination  of  chromates,  lead  peroxide,  and  selenic 
acid  is  carried  out  in  the  same  way,  except  that  concentrated 
hydrochloric  acid  is  used  for  the  decomposition. 

Determination  of  Telluric  Acid. 

If  the  telluric  acid  is  present  as  the  hydrous  acid  (H,Te04+2H20) 
<k  as  tellurate,  the  analysis  is  performed  in  the  same  way  as  with 
selenic  and  chromic  acids.  If,  however,  the  tellurium  is  present 
as  the  anhydrous  acid  or  as  the  anhydride,  the  method  must  be 
modified,  for  these  substances  are  scarcely  attacked  by  concen- 
trated hydrochloric  acid.  They  are  placed  in  the  decomposition- 
flask,  dissolved  in  a  little  concentrated  potassium  hydroxide,*  and  to 
the  tellurate  solution  thus  obtained  the  concentrated  hydrochloric 
acid  is  added ;  the  reduction  then  is  accomplished  without  difficulty : 

K,Te04+4Ha=2Ka-fH,TeO.+H,0+C!la. 
According  to  this  equation 

lCl=lI=y =^^=63.5 gms.  Te. 

*  The  solution  could  not  be  effected  by  using  sodium  hydroxide. 
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Determination  of  Ceric  Oxide. 

1000  C.C.  rrr  iodine  solution —-^t^***— =  17.2  gms.  CeO,. 

Ceric  oxide  when  mixed  with  considerable  lanthanum  and  di- 
dymium  oxides  is  reduced  by  distillation  with  concentrated  hydro- 
chloric acid: 

2Ce02 + 8Ha = 4H,0 + 2CeCl8 + Cl^. 

If,  however,  the  mixture  contains  but  little  of  the  two  last 
substances,  or  if  it  is  pure  ceric  oxide,  the  heating  with  concen- 
trated  hydrochloric  acid  is  of  no  avail;  the  ceric  oxide  will  not 
dissolve. 

In  the  presence  of  hydriodic  acid,  however,  the  reduction 
takes  place  readily,  so  that  it  is  only  necessary  to  add  2  gms. 
of  potassium  iodide  to  a  weighed  amount  of  the  substance 
(0.67-O.68  gm.)  in  the  decomposition-flask,  and  then,  after  the 
addition  of  hydrochloric  acid,  violet  vapors  of  iodine  can  be  dis- 
tilled from  the  solution: 

2CeOa + 2KI  -f  8Ha = 2KC1  -f  2CeCl8  -h  4H,0 +21. 

Often  there  will  be  so  much  iodine  given  off  that  the  solid  is 
likely  to  stop  up  the  tube  and  the  flask  will  often  explode.  To 
prevent  this,  the  end  of  the  delivery-tube  is  not  drawn  out  into 
a  capillary,  but  at  the  bottom  an  opening  of  about  4  mm.  in  diame- 
ter is  left.  During  the  operation,  the  flame  must  be  protected 
from  air-currents,  for  otherwise  there  is  danger  of  liquid  sucking 
back  from  the  retort. 

Determination  of  Vanadic  Acid. 

1000  c.c.  ^  iodine  solution  =^^=  ^^=9.12  gms.  V,0^ 

By  boiling  vanadic  acid,  or  one  of  its  salts,  with  concentrated 
hydrochloric  acid,  the  vanadium  is  reduced  with  evolution  of 
chlorine.  Unfortunately,  this  reaction  cannot  be  used  for  the 
determination  of  vanadic  acid,  for  the  amount  of  chlorine  evolved 
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depends  upon  the  concentration  of  the  vanadium  solution;  the 
vanadium  is  not  reduced  to  a  definite  oxide.  On  the  other  hand, 
by  means  of  hydrobramic  acid,*  vanadic  acid  is  reduced  to  a  bhie 
vanadyl  salt: 

VA+2HBr=V,04+H30+Br,. 

If  the  free  bromine  is  absorbed  in  potassium  iodide,  and  the 
liberated  iodine  titrated  with  sodium  thiosulphate,  a  sharp  deter- 
mination of  the  vanadium  will  be  obtained.  To  carry  out  this 
analysis,  about  0.3-0.5  gm.  of  the  vanadate,  together  with  1.5 
to  2  gms.  of  potassium  bromide,  is  placed  in  the  decomposition- 
flask  of  the  Bunsen  apparatus  (Fig.  75,  p.  523),  30  c.c.  of  con- 
centrated hydrochloric  acid  are  added,  and  distillation  is  effected 
as  before.  The  decomposition  is  always  complete  when  the 
liquid  in  the  flask  is  a  pure  blue. 

If  hydriodic  acid  is  used  instead  of  hydrobromic  acid,  the 
vanadic  acid  is  reduced  still  further,  almost  to  VjOj.f  In  fact, 
a  complete  reduction  to  the  latter  oxide  can  be  accomplished  if 
potassium  iodide,  concentrated  hydrochloric  acid,  and  1  or  2  c.c. 
of  syrupy  phosphoric  acid  are  added  and  the  liquid  distilled 
until  no  more  vapors  of  iodine  are  evolved.  According  to 
Steflfan,  this  ^dll  always  be  the  case  when  the  liquid  is  reduced  to 
one-third  of  its  original  volume. 

Determination  of  Molybdic  Acid4 

1000  C.C.  j^  Na^,0,-^«-  ^-14.4  gms.  MoO^ 

The  determination  depends  upon  the  fact  that  molybdic  acid 
is  reduced  to  molybdenum  pentoxide  by  means  of  hydriodic  acid 
with  liberation  of  iodine: 

2M0O3 + 2HI = H3O + Mo  A + 12- 

Remark, — This  method  finds  no  practical  application  on  account 
of  the  fact  that  it  is  difficult  to  obtain  a  quantitative  reduction  in 

*  Holverscheidt,  Dissertation,  Berlin,  1890. 

t  Friedheim  and  Euler,  Berichte,  28  (1895),  2067. 

t  Ibid,,  28  (1895),  2067,  end  29  (1896),  2981. 
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accordance  with  the  above  equation.  Gooch  and  Fairbanks  *  found 
that  if  a  solution  containing  molybdic  acid  is  distilled  in  the 
Bunsen  apparatus  with  potassium  iodide  and  hydrochloric  acid, 
until  iodine  vapors  are  no  longer  visible  and  the  solution  is  a  light 
green,  too  little  iodine  is  obtained.  On  the  other  hand,  if  the 
distillation  is  continued  still  further,  they  found  that  the  reduction 
goes  on  and  more  iodine  is  obtained  than  corresponds  to  the  above 
equation.  Steffan,t  who  tested  the  method  in  the  author's  labo- 
ratory, obtained  results  agreeing  with  those  published  by  Gooch 
and  Fairbanks.  By  means  of  hydrobromic  acid,  molybdic  acid 
is  not  reduced. 


Determination  of  Vanadic  and  Molybdic  Acids  in  the  Presence  of 

One  Another. 

According  to  Steflfan,  these  two  acids  may  be  determined 
verj*^  accurately  when  present  togethei.  The  vanadic  acid  is 
determined,  according  to  Holverscheidt,  by  distillation  with 
potassium  bromide  and  concentrated  hydrochloric  acid,  absorp- 
tion of  the  bromine  in  potassium  iodide  solution,  and  titration 
of  the  liberated  iodine  (cf.  p.  627).  The  contents  of  the  distilla- 
tion flask,  in  which  the  vanadium  is  present  as  vanadyl  salt  and 
the  molybdenum  as  molybdic  acid,  are  treated  with  hydrogen 
sulphide  in  a  pressure-flask,  and  the  precipitated  molybdenum 
sulphide  is  filtered  through  a  Gooch  crucible,  and  weighed  as  MoO,, 
as  described  on  p.  222.  The  results  obtained  by  this  method  are 
perfectly  satisfactory. 

As  molybdic  acid  is  unattacked  by  hydrobromic  acid,  but 
is  reduced  to  MojOj  with  separation  of  iodine  by  means  of  hydri- 
odic  acid,  Friedheim  and  Euler  proposed  the  following  method  foi 
the  determination  of  vanadic  and  molybdic  acids  when  present 
together: 

The  mixture  of  the  two  acids  is  distilled  as  before  with  potassium 


*  Gooch  and  Fairbanks,  Zeitachr.  f.  anorg.  Chem.,  XIII  (1807),  101,aiur 
XIV,  317. 

t  Steffan,  Inaug.  DiBsertation,  Zurich,  1902. 
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bromide  and  hydrochloric  acid  and  the  vanadium  thereby  reduced 
to  the  tetroxide  compound 

V,0.+2HBr=H,0-fVA+Br„ 

with  separation  of  two  atoms  of  bromine  which  are  determined 
iodimetrically.  To  the  cold  solution  rempining  in  the  distilling- 
flask,  potassium  iodide,  hydrochloric  acid,  and  syrupy  phosphoric 
acid  are  added,  and  the  distillation  continued  until  no  more  iodine 
is  given  off  and  the  solution  is  a  light  green. 

By  means  of  this  second  reduction  the  vanadiimi  tetroxide  is 
supposed  to  be  reduced  to  VaO,, 

VA+2HI  =  H,0+ V,0,+I„ 

and  consequently  more  iodine  is  liberated  by  the  vanadium. 
Furthermore,  according  to  Friedheim  and  Euler,  the  molybdenum 
is  reduced  to  MojO,: 

2MoO, + 2HI = H,0  4-  Mo,0,+  Ir 

If,  therefore,  the  amount  of  iodine  corresponding  to  the  first 
titration  is  deducted  from  the  amoimt  obtained  in  the  second, 
the  difference  should  correspond  to  the  amount  of  molybdenum 
present.  But  Gooch  and  Fairbanks  have  shown  that  this  is 
not  the  case.* 

The  error  in  the  method  lies  in  the  fact  that  the  vanadic  acid 
is  only  reduced  completely  to  VjO,  when  the  solution  is  distilled 
to  one-third  of  its  original  volume.  In  this  case,  however,  the 
molybdenum  is  reduced  further  than  corresponds  to  the  formation 
of  M02O5;  too  much  iodine  is  liberated  and  too  high  a  value  is 
obtained  for  the  molybdic  acid  present.  On  the  other  hand, 
if  after  the  addition  of  the  potassium  iodide  the  liquid  13 
only  distilled  until  the  iodine  vapors  cease  to  appear  and  the 
solution  is  a  light  green,  the  vanadium  is  not  completely 
reduced  to  VjOj,  and  then  a  too  low  value  for  the  molybdenum 
is  obtained.  , 


♦  The  results  of  Gooch  and  Fairbanks  have  been  confinned  in  every  re« 
spect  by  SteflFan. 
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Analysis  of  Chlorates. 

This  is  carried  out  the  same  way  as  the  analysis  of  pjrrolusite 
(cf .  p.  624) : 

KC10,+6Ha=Ka4-3HjO+3Ca, 

N 
^  gm.-at.  iodine  =1000  c.c.  t^  NajSaO,  solution— 

KClOj       122.6         c\  f\Af%  r7'rt\r\ 

=  -^^ — ^  «  2.043  gms.  KCIO,. 

Many  oxidizing  agents  can  be  determined  iodimetrically  with- 
out previous  distillation  with  hydrochloric  acid. 

Analysis  of  Soluble  Chromates. 

A  concentrated,  acid  solution  of  potassium  iodide  is  treated 
with  a  weighed  amount  of  the  chromate,  diluted  with  water, 
and  the  Uberated  iodine  titrated.  (Cf.  standardization  of  sodium 
thiosulphate  against  potassium  dichromate,  p.  510.) 

Determination  of  Hypochlorous  Acid. 

This  determination  is  made  use  of  in  the  analysis  of  chloride 
of  lime. 

Procedure. — ^Into  a  tared  weighing-tube  about  5  gms.  of  "chloride 

of  Ume"  are  introduced,  and  the  stoppered  tube  is  weighed.     Its 

contents  are  then  washed  into  a  porcelain  dish,  rubbed  to  a  paste  by 

means  of  a  pestle,  and  then  transferred  without  loss  to  a  500-c.c. 

measuring-flask,  diluted  up  to  the  mark  with  water  and  well  shaken. 

Of  this  turbid  solution,  20  c.c.  are  run  into  10  c.c.  of  10  per  cent. 

potassium  iodide  solution,  and  after  acidifying  with  hydrochloric 

N 
acid  the  iodine  set  free  is  titrated  with  —  Na^SjO,.     The  result 

is  expressed  in  per  cent,  of  chlorine. 

Remark. — If  the  "chloride  of  lime"  contained  calcium  chlo- 
rate it  will  be  partially  reduced  by  hydrochloric  acid  and 
potassium    iodide   with   liberation    of   iodine,   and    consequently 
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the  results  obtained  for  hypochlorite  chlorine  (bleaching  chlorine) 
will  be  too  high.  In  this  case  the  hypochlorite  is  best  detenrined 
by  a  chlorimetric  process  with  arsenious  acid  (see  p.  539.) 

Determination  of  Lead  Peroxide. 

Method  of  DieM,  modified  by  Topf,^ 

The  analysis  depends  upon  the  fact  that  lead  peroxide  is  re- 
duced by  means  of  potassium  iodide  in  acetic  acid  solution  when 
considerable  alkali  acetate  is  present: 

PbO,+4HI=PbI,+2H,0+I,. 

N 
After  diluting  with  water  the  iodine  is  titrated  with  —  NajSjO, 

solution. 

Procedure. — ^About  5  gms.  of  the  substance  are  dissolved  with 
12  gms.  of  potassium  iodide  and  90-100  gms.  of  sodium  acetate 
in  50  c.c.  of  50  per  cent,  acetic  acid.  The  solution  is  diluted  with 
water  to  a  volume  of  250  c.c.f  and  titrated  with  sodium  thiosul- 
phate. 

This  excellent  method  may  also  be  used  for  the  analysis  of 
minium  (red  lead). 

Determination  of  Ozone  in  Ozonized  Oxygen. 

1000  C.C.  ^  Na,S,0,-^'-  I5-2.4  gms.  O^ 
(a)  Schdnbein's  Method. 

The  gas  is  conducted  through  a  ten-bulb  tube  containing 
a  dilute,  neutral  solution  of  potassium  iodide,J  when  the  follow- 
ing reaction  takes  place: 

O3  4-  2KI  +  H2O = 2K0H  +  Oj  -f  I3. 


*  Diehl,  Dingl  polyt.  Joum.,  246,  p.  196,  and  Topf,  Zeitschr.  f.  analyt. 
Chem.,  XXVI  (1887),  p.  296. 

t  An  absolutely  clear  solution  must  be  obtained,  with  no  residue  of 
yellow  lead  iodide. 

X  Ladenburg  and  Quasig,  Berichte,  1901,  p.  1114,  and  I»adenbuiig; 
Berichte,  1903,  p.  115. 
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The  gas  to  be  examined,  which  is  caused  to  pass  through  the 
absorption  vessel  by  means  of  an  aspirator,  must  not  come  in 
contact  with  rubber,  or  other  substance  susceptible  to  oxidation, 
before  reaching  the  potassium  iodide  solution.  The  volume  <rf 
water  flon'ing  from  the  aspirator  gives  the  volume  of  the  gas 
drawn  through  the  apparatus. 

The  contents  of  the  tube  containing  the  potassium  iodide 
Lolution  are  poured  into  a  beaker,  and  the  deposited  iodine  is 

\ 
titrated   with   '-r=  XajS,0,   solution.    The  result   is  expressed  in 

grams  of  ozone  per  liter  of  gas  measured  at  CP  C.  and  760  mm. 
pressure. 

(6)  Thenar^s  Melkod. 
The  gas  to  be  analyzed  is  caused  to  pass  through  a  titrated 
solution  of  arsenious  acid,  and,  at  the  end  of  the  experiment,  the 
excess  of  the  arsenious  acid  is  titrated  back  with  iodine  solution: 

20, + As,0,  -  As,0, + 20,. 

Both  of  the  above  methods  give  satisfactory  results. 

Determination  of  Iron. 

This  method  was  first  proposed  by  Carl  Mohr  *  and  is  based 
upon  the  following  reaction: 

FeCl,+HIizsHa  +  FeCl,+  I. 

As  the  reaction  is  reversible,  it  is  necessary  to  have  an  excess 
of  hydriodic  acid  present  in  order  that  it  may  take  place  quanti- 
tatively in  the  direction  from  left  to  right. 

Procedure. — The  hydrochloric  acid  solution  containing  a 
neighed  amount  of  the  ferric  salt  is  placed  in  a  300-c.c.  glass- 
stoppered  bottle,  the  greater  part  of  the  acid  b  neutralized  by  means 
of  sodimn  hydroxide,  and  the  air  removed  by  means  of  a 
current  of  carbon  dinxiite.  After  this  about  5  gms.  of  potas- 
iodide  are  added,    the  bottle  closed,  shaken,  and  allowed 

'  .\aii.  d.  Clieni.  u.  Phum.,  10«,  p.  53. 
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to  stand  in  the  cold  for  twenty  minutes.    The  liberated  iodine 

N 
is  then  titrated  with  —  sodium  thiosulphate  solution.     As  soon 

as  the  blue  color  has  disappeared  *  more  carbon  dioxide  is  con- 
ducted through  the  solution,  the  bottle  is  stoppered  and  allowed 
to  stand  for  a  few  minutes  to  see  whether  the  blue  color  will  re- 
appear. Should  this  be  the  case,  more  thiosulphate  is  added, 
the  flask  again  stoppered  and  allowed  to  stand.  If  a  blue 
color  again  appears,  the  solution  contains  too  little  potassium 
iodide,  so  that  it  is  necessary  to  repeat  the  entire  analysis, 
using  1-2  gms.  more  of  it.  With  sufficient  potassium  iodide 
and  only  little  free  hydrochloric  acid,  the  reaction  is  always  com- 
plete at  the  end  of  twenty  minutes.  The  results  obtained  are 
satisfactory. 

Determination  of  Hydrogen  Sulphide. 

1000  c.c.  ~  Na^SA  solution-?^-  5^-1.704  gms.  H,S. 

If  a  solution  of  hydrogen  sulphide  is  treated  with  iodine,  it 
is  oxidized  with  separation  of  sulphur: 

H,S-f2l  =  2HI+S. 

For  the  determination  of  the  amount  of  the  gas  present  in 

hydrogen  sulphide  water,  a  measured  amount  is  transferred  by 

N   .     . 
means  of  a  pipette  to  a  known  amount  of  jr-  iodine  solution  and 

the  excess  of  the  latter  is  titrated  with  thiosulphate  solution. 

If  the  amount  of  hydrogen  sulphide  present  is  not  very  laige, 
correct  results  are  obtained  without  difficulty.  With  consider- 
able hydrogen  sulphide,  on  the  other  hand,  the  deposited  sulphur 
is  likely  to  enclose  some  of  the  iodine  solution,  as  shown  by  its 
brown  color;  this  iodine  escapes  the  titration  with  thiosulphate. 
In  such  a  case,  the  film  of  sulphur  floating  on  the  surface  of  the 
liquid  is  removed  with  a  glass  rod  after  the  completion  of  the 
thiosulphate  titration,  transferred  to  a  glass-stoppered  cylinder, 
and  shaken  with  1-2  c.c.  of  carbon  bisulphide.     The  latter  dis- 

*  Starch  is  added  in  all  these  titrations. 
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solves  the  iodine  with  a  violet  color  and  the  color  is  dischaiged 
by  the  addition  of  sodium  thiosulphate  solution.  In  this  way 
the  total  amount  of  the  iodine  that  remains  can  be  titrated. 

Remark. — ^This  method  can  be  used  to  advantage  for  deter- 
mining the  sulphur  present  in  soluble  sulphides.  The  sulphides 
are  decomposed  as  described  on  p.  271  by  means  of  acid,  and 

the  hydrogen  sulphide  evolved  is  conducted  into  a  definite  amount 

N 
of  —  iodine  solution.     The  excess  of  the  latter  is  titrated  as 

above  with  sodium  thiosulphate  solution.  For  the  analysis  of 
alkali  sulphides,  the  solution  is  diluted  laigely  with  boiled  water, 

N 
an  excess  of  ^  iodine  solution  added,  and  the  unused  iodine 

N 
titrated  with  ^  thiosulphate  as  before. 

Determination  of  Hydrogen  Sulphide  in  Mineral  Waters. 

N 
A  measured  amount  of  r^r^  iodine  solution  and  2  gms.  of  potas- 
sium iodide  are  placed  in  a  tail  liter  cylinder,  1000  c.c.  of  the  water 
to  be  analyzed  are  added,  and  after  thoroughly  shaking,  the  excess 

N 
of  the  iodine  is  titrated  with  -^  thiosulphate.    The  standardiza- 
tion of  the  iodine  solution  used  is  accomplished  by  measuring 
off  10  c.c.  of  the  solution,  adding  2  gms.  of  potassium  iodide,  di- 

N 
luting  to  1  Uter  with  boiled  water,  and  titrating  with  j^  thio- 
sulphate solution. 

Analysis  of  Arsenious  Acid. 

The  titration  is  effected  in  the  same  way  as  in  the  standard- 

N 
ization  of  the  -r^  iodine  solution,  described  on  p.  511. 

Determination  of  Antimony  (A.  Weller). 

By  heating  a  pentavalent  antimony  compound  with  concen- 
trated  hydrochloric   acid   and  jx)tassium   iodide   in  the  Buns^n 
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apparatus  (Fig.  75,  p.  523),  the  antimonic  acid  is  reduced  to 
antimonous  acid  with  separation  of  iodine: 

SbO,+4HI=-Sb,0,+2H,0+2I,. 

The  iodine  is  distilled  over  into  potassium  iodide  solution 

N 
and  titrated  with  —  NajSjO,  solution. 

Determination  of  Sulphurous  Acid. 

N  SO-    64  06 

1000  CO.  TjT  iodine  solution  — -^jt'^-^t-  —3.203  gms.  SO,. 

The  determination  is  based  upon  the  foUoiving  reaction: 

SO,+H,0+2I=2HI-fSO„ 

the  sulphurous  acid  being  oxidized  to  sulphuric  acid.  If  starch 
is  added  to  a  solution  of  sulphurous  acid,  and  a  titrated  iodine 
solution  is  run  into  it  from  a  burette,  the  blue  color  will  not  be 
obtained  until  all  of  the  sulphurous  acid  has  been  acted  upon. 
Bunsen,  however,  in  1854  showed  that  this  sensitive  reaction, 
which  was  first  used  by  Dupasquier,  will  only  take  place  quanti- 
tatively according  to  the  above  equation  when  the  solution  does 
not  contain  more  than  0.04  per  cent,  by  weight  of  SO,.  With 
greater  concentrations  uniform  results  are  not  obtained.  This 
irregularity  was  ascribed  to  the  reversibility  of  the  reaction,  so 
that  it  was  suggested  that  the  titration  be  performed  in  alkaline 
solution,*  thus  removing  the  hydriodic  acid  as  fast  as  it  is  formed. 
But  the  results  then  obtained  are  still  inaccurate.  Finkener,t 
on  the  other  hand,  states  that  correct  values  will  be  obtained  if 
the  sulphurous  acid  is  allowed  to  run  into  the  iodine  solution. 

J.  Volhard  }  has  confirmed  the  results  of  Finkener  and  shown 
that  the  anomalous  results  obtained  on  titrating  sulphilrous  acid 
with  iodine  are  not  due  to  the  reversibility  of  the  reaction,  for 
the  direct  addition  of   20   per   cent,  sulphuric   acid    is   without 

*  Addition  of  MgCO,  or  NaHCO,  (Fordos  and  Gelis). 
t  Finkener-Rose,  Quantitative  Analyse  (1871),  p.  937. 
I  Ann.  d.  Chem.  u.  Pharm.,  242,  94. 
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influence.  The  incomplete  oxidation  of  the  sulphurous  acid  i» 
caused  by  the  fact  that  the  hydriodic  acid  reduces  a  part  of  the- 
sulphurous  acid  to  free  sulphur:  * 

(1)  S02+4HI=4I-f  2H,0+S. 

If  sulphurous  acid,  whether  dilute  or  concentrated,  is  allowed' 
to  run  into  a  solution  of  iodine  with  constant  stirring,  there  ia 
complete  oxidation  of  the  SO,: 

(2)  S03-f2l-h2H,0»2HH-H,Sb,. 

If,  on  the  contrary,  iodine  solution  is  run  iiito  the  solution 
of  sulphurous  acid,  both  reactions  will  take  place: 

(3)  3SO,-f4HI-f2H,0=2HjS04+4HIt+S. 

Consequently  the  only  way  to  obtain  correct  results  is  to  add 
the  solution  of  sulphurous  acid  to  that  of  iodine.  In  the  analysis 
of  sulphites,  the  sulphite  solution  is  run  into  the  iodine  solution 
containing  hydrochloric  acid. 

Determination   of  Formaldehyde   (Formaline).    Method  of 

6.  Romijn4 

1000  C.C.  N.  iodine  solution— — ^ —  '^    »     ^^^-^^  8°^  formaldehyde. 

Principle. — Formaldehyde  is  quantitatively  oxidized  to  formic 
acid  by  remaining  in  contact  with  iodine  for  a  short  time  in 
alkaline  solution: 

HCHO  4-  HjO + 1, = 2HI + HCOOH. 

Procedure. — ^The  aqueous  solution  of  formaldehyde,  known  com- 
mercially   as  ''formaline,"   contains  about  40  per  cent,  of  for- 

*  If  iodine  solution  is  added  slowly  to  a  not  too-dilute  sulphurous  acid 
solution,  a  distinct  separation  of  sulphur  is  soon  apparent 
t  The  HI  acts  as  a  catalyser  according  to  Volhard. 
J  Zeitschr.  f.  anal.  Chem.,  36  (1897),  p.  19. 
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maldehyde.    For  analysis,  10  c.c.  of  the  formaldehyde  solution  are 

diluted  to  400  c.c,  and  of  this  1  per  cent,  solution,  5  c.c.  ( =0.125  c.c. 

N 
of  the  original  soluton)  are  taken  for  analysis.      40  c.c.  of  jr 

iodine  solution  are  added    and  immediately  afterwards  strong 

sodium  hydroxide  solution,  drop  by  drop,  until  the  color  of  the 

solution   is   a   light   yellow;    it    is   then    placed   one    side    for 

ten    minutes.     The    solution    is    then    acidified    with    hydro- 

N 
chloric  acid,  and  the  unused  iodine  is  titrated  back  with  -^  sodium 

thiosulphate  solution. 

N 
1  c.c.  rT7  iodine  solution =0.001501  gm.  formaldehyde. 


B.  Reduction  Methods.  ^ 

Determination  of  Ferric  Iron  (Fresenius).'*' 

In  the  case  of  all  methods  previously  discussed,  it  was 
necessary  to  reduce  the  iron  to  the  ferrous  condition  before  it 
could  be  determined  volumetrically.  In  the  following  method, 
firat  suggested  by  Penny  and  Wallace,  but  improved  by  Fresenius^ 
the  iron  in  the  ferric  condition  may  be  determined  with  accuracy 
and  rapidity. 

The  hydrochloric  acid  solution  containing  ferric  chloride  is 
titrated  hot  with  stannous  chloride  solution  until  the  former 
becomes  colorless.  By  this  means  the  ferric  salt  will  be  reduced 
to  ferrous  salt: 

2FeCl, + SnCl, = SnCl^  -h  2FeClj. 

Inasmuch  as  it  is  not  very  easy  to  determine  the  end-point 
with  accuracy,  because  the  last  part  of  the  iron  is  reduced  very 
slowly,  it  is  customary  to  run  over  the  end-point  and  to  titrate 
the  excess  of  the  stannous  chloride  with  iodine  solutioa. 

Solutions  Required,  1.  A  Ferric  Chloride  Solution  Containing  a 
Known  Amount  of  Iron. — It  is  prepared  by  dissolving  exactly 
10.03  gms.  of  bright  iron  wire  in  hydrochloric  acid  within  a  long- 

*  Zeitschr.  f.  anal.  Chem.,  1,  p.  26. 
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necked  flask  held  in  an  inclined  position;  the  iron  is  oxidized 
with  potassium  chlorate  and  the  excess  of  chlorine  is  completely 
expelled  by  boiling.  The  solution  of  ferric  chloride  is  washed 
into  a  liter  flask  and  diluted  up  to  the  mark  with  water;  50  c.c.  of 
this  solution  contain  0.5  gm.  of  pure  iron.* 

2.  A  Stannous  Chloride  SoliUion, — ^25  gms.  of  tin-foil  are  heated 
for  two  hours  on  the  water-bath  with  50  c.c.  of  hydrochloric  acid 
of  specific  gravity  1.134  and  a  few  drops  of  hydrochlorplatinic  acid 
in  a  porcelain  dish  which  is  covered  with  a  watch-glass.  After  this, 
150  c.c.  of  hydrochloric  acid  and  an  equal  volume  of  water  are 
added,  the  solution  filtered  and  diluted  up  to  1  liter.  As  stan- 
nous chloride  is  oxidized  by  contact  with  the  air,  it  is  placed 
in  a  flask  which  on  one  side  is  connected  with  the  burette  as  shown 
in  Fig.  71,  p.  442,  and  on  the  other  side  with  a  Kipp  carbon  di- 
oxide generator.  • 

3.  An  Iodine  SoliUion  Approximately  Tenth-normal. 
Procedure, — (a)  Standardization  of  the  solutions. 

First  of  all,  the  stannous  chloride  and  iodine  solutions  are 
titrated  against  one  another.  About  2  c.c.  of  the  former  are 
measured  from  the  burette,  diluted  to  about  60  c.c,  a  little  starch 
solution  added,  and  the  mixture  titrated  with  iodine  until  a 
blue  color  is  obtained. 

Next,  50  c.c.  of  the  acid  ferric  chloride  solution  containing 
a  known  amount  of  iron  are  titrated  against  the  stannous  chloride 
solution. 

(6)  Determination  of  iron  in  hematite.  5  gms.  of  the 
finely-divided  ore  are  ignited  in  order  to  destroy  any  organic 
matter  which  may  be  present,  then  placed  in  a  long-necked  flask 
and  boiled  with  concentrated  hydrochloric  acid  and  a  little  potas- 
sium chlorate  until  the  iron  oxide  is  all  dissolved,  leaving  behind 
nothing  but  a  white  sandy  residue.  After  this  20  c.c.  more  of 
hydrochloric  acid  are  added  and  the  boiling  is  continued  while 
a  current  of  air  is  passed  through  the  solution,  until  all  the  excess 
of  chlorinTe  is  completely  removed  and  the  escaping  vapors  will 
no  longer  set  free  iodine  when  passed  into  a  potassium  iodide 
solution.  The  solution  thus  obtained  is  diluted  to  exactly  500  c.c. 
and  50  c.c.  of  it  are  taken  for  the  analysis. 

*  The  assumption  being  made  that  the  iron  wire  coiitamed  99.7%  pure  iron 
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Example. 

1.  Standardization  of  the  reagents: 

2  CiC.  of  stannous  chloride  solution  require 
7.2  c.c.  of  iodine  solution.     1  c.c.  iodine  solution  =0.278  c.c.  SnCl, 

50  c.c.  ferric  chloride  solution  (=0.5  gm.  iron) 
require  for  decolorization 30.34  c.c.  SnCl, 

and  for  the  titration  of  the  excess  0.51  c.c.  of 
iodine  solution=0.51  XO.28 0.14  c.c.  SnCl, 

Consequently,  50  c.c.  ferric  chloride  solution 
=0.5  gm.  iron =30.20  c.c.  SnOa 

and  1  C.C.  SnClj=«~|Q= 0.01656  gm.  Fe. 

2.  Titration  of  the  solution  to  he  analyzed: 

50  c.c.  ( =0.5  gm.  of  iron  ore)  require W.     18.96  c.c  SnCI^ 

and  for  the  titration  of  the  excess,  0.64  c.c.  of 
iodine =0.64 XO.28 =  0.18  c.c.  SnCI, 

so  that  0.5  gm.  of  ore  corresponds  to 18.78  c.c.  SnCl, 

and  contain,  therefore,  18.78  X 0.01656 =0.31 10  gm.  Fe, 
and  in  per  cent. : 

0.5 : 0.31 10= 100  :x 
x=62.20  per  cent.  Fe. 

Determination  of  Hypochlorous  Acid  by  Means  of  Arsenious  Acid. 

N 
1000  c.c.  jt:  A8,0,=  3.545  gms.  chlorine. 

On  adding  arsenious  acid  to  a  solution  of  a  hypochlorite,  the 
former  is  oxidized  to  arsenic  acid,  while  the  latter  is  reduced  to 
chloride: 

2NaOCl + AsjO, = Asfi^ + 2NaCl. 

The  end-point  is  reached  when  a  drop  of  the  so^tion  added 
to  a  piece  of  iodo-starch  paper  will  cause  no  blue  coloration. 

Alkali  hypochlorites  and  chloride  of  lime  may  be  analyzed 
by  this  method  and  the  results  obtained  are  more  reliable  than 
in  the  case  of  tho^e  obtained  by  the  iodimetric  method  described 
on  p.  530,  for  the  presence  of  chlorate  has  no  effect  in  this  case. 
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III.  PRECIPITATION  ANALYSES. 
z.  Determination  of  Silver*    Method  of  Gay-Lussac. 

This  exceedingly  accurate  determination,  which  is  extensively 
used  for  testing  silver  alloys,  depends  upon  the  precipitation  of 
silver  chloride  from  nitric  acid  solution.  Common  salt  is  used 
as  the  precipitant. 

Solviians  Required,  1.  Sodium  Chloride  Solvation  of  Known 
Concentration. — ^For  convenience,  it  is  customary  to  make  the 
solution  of  such  a  strength  that  1000  c.c.  correspond  to  exactly  5 
gms.  of  silver,  jtt  is  more  practical,  however,  to  use  a  some- 
what weaker  soltreron,  consequently  2.700  gms.  of  chemically  pure 
salt  are  dissolved  in  distilled  water  and  diluted  to  1  liter. 

2.  Decimal  Solution  of  Sodium  Chloride, — 100  c.c.  of  the  above 
solution  are  diluted  with  distilled  water  to  1  liter. 

In  laboratories  where  silver  determinations  are  frequently 
made,  the  above  solutions  are  made  up  in  much  larger  quanti- 
ties and  kept  in  bottles  similar  to  the  one  shown  in  Fig.  71,  p.  442. 
The  stronger  solution  is  connected  with  a  100-c.c.  pipette  and 
the  decimal  solution  with  a  burette. 

Standardization  of  the  Sodium  Chloride  Solvtion.  —  Exactly 
0.5  gm.  of  chemicaDy  pure  silver  are  weighed  into  a 
200-c.c.  flask  provided  with  a  well-ground  glass  stopper,  and 
dissolved  in  10  c.c.  of  nitric  acid  of  specific  gravity  1.2,  free 
from  chlorine.  The  solution  is  hastened  by  heating  on  a  sand- 
bath.  When  the  silver  has  dissolved,  the  solution  is  heated  to 
boiling  in  order  to  expel  the  nitrous  acid  formed.  The  brown 
vapors  collecting  in  the  flask  are  removed  by  blowing  in  air. 
As  soon  as  no  more  of  these  are  formed,  the  flask  is 
removed  from  the  sand-bath,  and  allowed  to  cool.  To  the 
silver  soluffon  exactly  100  c.c.  of  the  stronger  salt  solution  are 
added,  the  flask  stoppered,  and  vigorously  shaken  until  the  pre- 
cipitated silver  chloride  collects  together,  and  the  supematent 
liquid  appears  clear. 
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As  the  salt  solution  was  made  up  a  little  weak,  the  precipita- 
tion of  the  silver  is  not  quite  complete  and  consequently  more 
sodium  chloride  must  be  added.  For  this  purpose  half  a  cubic 
centimeter  of  the  decimal  salt  solution  is  added  from  the  burette, 
so  that  the  solution  runs  down  the  sides  of  the  flask  upon  the 
surface  of  the  liquid,  causing  a  distinct  cloud  of  silver  chloride 
to  be  formed.  The  liquid  is  shaken,  allowed  to  settle,  again 
treated  with  half  a  cubic  centimeter  of  the  decimal  salt  solution, 
and  the  process  repeated  \mtil  finally  the  addition  of  the  salt 
solution  fails  to  produce  any  further  tiu'bidity;  the  last  half  cubic 
centimeter  is  not  used  lb  the  calciilation. 

Example. — 0.5  gm.  of  chemically  pure  silver  (HM  ^^)  re- 
quired 100  c.c.  of  the  standard  salt  solution  + 1  c.c.  of  the  decimal 
solution,  i.e.,  100.1  c.c.  of  the  salt  solution  correspond  to  1000 
silver;  *  this  is  the  value  of  the  salt  solution.^^ 

Silver  Determination. — In  order  to  obtain  iRiolutely  accurate 
results  it  is  necessary  to  employ  the  same  amount  of  silver  for 
the  analysis  as  was  used  in  the  standardization  of  the  solution, 
consequently  the  approximate  amount  of  silver  present  in  the  alloy 
must  be  determined.  This  can  be  accomplished  by  cupellation, 
or  vdumetrically  by  the  method  of  Volhard,  described  further  on. 

Example. — ^It  was  found  by  cupellation  that  an  alloy  contained 
about  /ift/V  fi^6  silver;  for  the  titration  an  amount  must  be  taken 
which  will  contain  0.5  gm.  of  silver;  we  have  then 


l:0.8=x:0.5 
x= 0.625  gm. 

We  weigh  out,  therefore,  0.625  gm.  (  =  1250t)  of  the  alloy  and 
proceed  exactly  as  in  the  standardization. 

1260  of  alloy  require  for  the  precipitation  of  the  silver  100  c.c. 
of  the  standard  salt  solution+3  c.c.  of  the  decimal  solution,  i.e., 
1250  parts  of  the  alloy  require  100.3' c.c.  of  the  st|fliard  salt 

*  For  convenience  in  calculation,  0.5  gm.  of  pure  silver  is  designated 
bv  1000,  0.25  gm.  by  500,  and  0.1  gm.  by  250,  etc. 

t  If  0.6  gm.=  1000,  then  0.5: 1000=  0.625: x;   x=1250. 


i 
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solution.    Since  100.1   c.c.   of  this  salt  solution  correspond  to 
1000  parts  of  pure  silver,  we  have 

100.1  :l000»100.3:a;; 

«= iQQi       ="1002  parts  silver  in  1250  parts  of  alloy: 

so  that  in  1000  parts  of  the  alloy  there  will  be 

1250:1002=1000:a; 

dpsSOl.G  parts  fine  of  silver. 

This  procedure  is  designated  as  the  French  method  in  contrast 
to  the  German  or  Dutch  method.  In  the  latter  case,  0.5  gm. 
of  the  alloy  (=»^B))  is  weighed  out  and  the  same  amount  of 
silver  is  added  ^mch  the  alloy  lacks  in  fineness.  In  this  way 
one  more  weighing  is  necessary,  but  the  calculation  is  somewhat 
simpler. 

Example, — By  cupellation  an  alloy  is  found  to  contain  ff^ 
silver.  In  order  to  make  the  silver  equal  1000,  200  parts  of 
fine  silver  must  be  added.  For  the  analysis,  therefore,  0.9  gm. 
of  the  alloy  and  0.1  gm.  of  pure  silver  (=200)  are  taken,  dis- 
solved in  nitric  acid,  and  titrated  with  sodium  chloride. 

For  the  titration  of  the  alloy,  100.25  c.c.  of  the  stronger 
salt  solution  were  required,  or  of  the  decimal  solution,  1002.5  c.c. 
and  for  the  titration  of  1000  fine  silver  (0.5  gm.) 1001.0  c.c. 

Difference =  1.5  c.c. 

As  1  c.c.  of  the  decimal  solution  corresponds  to  yijVir*  silver, 
it  is  evident  that  1.5  c.c.  are  equivalent  to  -j^lTr  silver.  If  this 
amoimt  is  added  to  the  assumed  silver  contents  (in  this  case  800), 
the  true  fineness  of  the  silver  alloy  will  be  obtained;  i.e.  801.5 
parts  fine^Uver. 


e^jh 


*  100.1  e.c.  of  the  stronger  salt  solution «  5  gms.  }g{{  silver,  then  1001  c.c. 
of  the  decimal  solution  correspond  to  the  same  amoimt,  and  1  c,c,*^jj^^ 
silver. 


DETERMINATION  OF  SILVER. 


a.  Detennination  of  Strer  (Vollurd). 

1000  C.C.  ^  KCNS-^-  >27^_  10.793  gnu.  Ag. 

If  to  ft  silver  solution  containing  iron  ammonium  etum,  free 
from  chloride  but  containing  enough  nitric  acid  to  discharge  the 
brown  color  of  the  iron  salt,  a  solution  of  alkali  sulphocyanate  is 
added,  white  insoluble  silver  sulphocyanate  is  precipitated: 

AgN(f  +  KCNS = KNO,+ AgCNS. 

When  aH  the  silver  is  precipitated,  the  next  drop  of  the  sulpho- 
cyanate solution  will  cause  a  permanent  red  coloration  due  to  the 
formation  of  ferric  sulphocyanate.  ^^ 

RequiremeiUs.     1.  Tenih-nffrmal  Silver  SolvKm. — 10.793    gms. 
of  chemically  pure  silver  are  dissolved  in  nitric  acid  free  from  chlo- 
ride, boiled  until   the  nitrous   acid  is  all   removed,  and   diluted 
a  volume  of  1  liter. 

lesium  {or  Ammonium)  SvljAocyanate  Solii- 
salts  are  hygroscopic  and  cannot  be  dried 
an  exactly  tenth-normal  solution  cannot 
ig  out  the  solid  salt.  Approximately,  the 
0  gms.  KCNS  or  9  gms.  NH,CNS)  ia  dis- 
ter  and  the  aolutioti  standardized  against 
the  silver  solution. 

3.  Iranrammonium  Alum  Solviion. — A  cold,  saturated  solution 
of  ferric  alum  to  which  enough  nitric  acid  is  added  to  cause 
the  disappearance  of  liie  brown  color.  Of  this  indicator  the 
same  amount  is  used  for  all  titrations,  about  1  or  2  c.c.  for  100  c.c. 
of  the  silver  solution. 

For  the  standardization  of  the  sulphocyanate  solution,  20  c.c. 
of  the  silver  solution  are  placed  in  a  beaker,  diluted  with  about 
50  O.C.  of  water,  and  1  c.c.  of  the  indicator  added.  ^^  sulpho- 
cyanate solution  is  then  added  from  a  burette,  wilr  constant 
sturing,  until  a  permanent  red  color  is  obtained. 
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Detennination  of  Silver  in  Silver  Alloys. 

About  0.5  gm.  of  the  brightly  polished  metal  is  dissolved  in 
nitric  acid  of  specific  gravity  1.2,  the  solution  boiled  to  expel 
the  nitrous  acid,  diluted  with  cold  water  to  about  50  c.c,  and 
after  the  addition  of  1  c.c.  of  the  ferric  alum  solution  it  is  titrated 
with  the  sulphocyanate  solution  as  in  the  standardization  of  the 
latter.  The  presence  of  metals  whose  salts  are  colorless  does 
not  influence  the  accuracy  of  this  determination,  except  that 
mercury  must  be  absent  because  its  %ilphocyanates  are  insol- 
uble. Nickel  and  cobalt  must  not  be  present  to  any  extent, 
because  their  salts  are  colored,  and  not  more  than  60  per  cent, 
of  copper  in  an  alloy  is  permissible.  In  case  more  copper  is  present 
the  following  pAMedure  must  be  used:  The  silver  is  precipitated 
by  means  of  ai^Biess  of  alkali  sulphocyanate,  washed  completely 
with  water,  the  funnel  placed  over  an  Erlenmeyer  flask,  the  apex 
of  .the  filter  broken,  its  contents  washed  into  a  flask  by  means  of 
concentrated  nitric  acid  (sp.  gr.  1.4),  and  the  liquid  heated  to  gentle 
boiling  for  three-quarters  of  an  hour.  As  the  sulphud^^cid 
formed  will  have  some  influence  upon  the  subsequent  ^^Bon, 
the  solution  is  diluted  with  water  to  about  100  c.c,  anci^Kon- 
eentrated  barium  nitrate  solution  is  added  drop  by  dro^mtil 
the  sulphuric  acid  is  all  precipitated,  after  which  the  silver  is 
titrated  with  sulphocyanate  solution  without  filtering  off  the 
l)arium  sulphate. 


Detennination  of  Chlorine. 

(a)  Volhard's  Method. 

N  CI 

1000  c.c.  ^  AgNO,  solution  =  r^= 3.545  gms.  chlorine. 

N 
The  j^tion  of  the  chloride  is  treated  with   an   excess  of  j^ 

silver  sc^Rion  and  the  excess  of  the  latter  is  titrated  with 
sulphocyanate  solution,  after  the  addition  of  ferric  alum  and 
nitric  acid.  From  the  amount  of  silver  required,  the  amount  of 
•chlorine  is  caVulated. 


I 
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(6)  Fr.  Mohr'8  Method, 

If  the  neutral  solution  of  an  alkaline  or  alkaline-earth  chloride 
containing  a  few  drops  of  potassium  chromate  solution  *  is  treated 
with  silver  nitrate  solution,  added  from  a  burette,  a  red  precipi- 
tate of  silver  chromate  is  formed  which,  on  stirring,  disappears  on 
account  of  its  being  decomposed  by  the  alkali  chloride  to  silver 
chloride  and  alkali  chromate: 

AgjCrO, + 2NaCl  =  2  AgCl + NajCrO^. 

When  all  of  the  chlorine  is  changed  to  insoluble  silver  chloride, 
the  next  drop  of  the  silver  solution  will  impart  a  permanent 
reddish  color  to  the  liquid.  For  small  amounts  of  chloride  in 
concentrated  solutions  this  method  gives  very  sharp  results.  In 
all  cases,  a  blank  experiment  must  be  madei^  see  how  much 
of  the  silver  solution  is  necessary  to  produce  the  red  shade  used 
in  the  titration  when  no  chloride  is  present,  and  this  amount 
must  be  deducted  from  that  used  in  the  analysis. 


''^  Determination  of  Bromine. 

(a)  Volhard*8  Method. 

1000  c.c.  r^  AgNO,  solution—  =^^7.996  gms.  bromine. 

The  procedure  is  the  same  as  in  the  case  of  the  chlorine  deter- 
mination above. 

(6)  Fr.  Mohr'8  Method, 

The  procedure  is  the  same  as  in  the  case  of  the  chloride  deter- 
mination. 

Determination  of  Iodine.    Volhard's  Method. 

N  I 

1000  c.c.  rTv  AgNO,  solution  =  77;  =  12.685  gms.  iodine. 

If  silver  iodide  is  produced  in  a  solution  of  an  iodHe  by  the 
addition  of  silver  nitrate,  the  precipitate  will  usually  enclose  a 

*  Lunge  uses  sodium  areeniate  as  indicator,  and  this  is  to  be  recom- 
mended on  account  of  the  change  from  colorless  to  brown  being  very  easy 
to  detect. 


N 


*5 


I 
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measurable  amount  of  either  the  soluble  iodide  or  the  silver  nitrate, 
so  that  the  analysis  cannot  be  accomplished  in  the  same  way  as 
in  the  analysis  of  chlorides  and  bromides. 

The  solution  is  placed  in  a  glass-stoppered  flask,  diluted  to 
200-300  C.C.,  and  the  silver  solution  is  added  with  vigorous  shak- 
ing until  the  yellow  precipitate  collects  together  and  the  superna- 
tant liquid  appears  colorless.  As  long  as  the  solution  appears  milky 
the  precipitation  is  not  complete.  A  little  more  silver  nitrate  is 
finally  added  and  the  solution  again  shaken  in  order  to  precipitate 
any  iodide  in  the  pores  of  the  silver  iodide.  Then  ferric  alum 
solution*  is  added,  the  excess  of  silver  titrated  with  potassium 
sulphocyanate,  and  the  iodine  calculated  from  the  amount  of 
silver  used.    In  this  way  Volhard  obtained  exact  results. 

%)etermination  of  Cyanogen. 

(a)  Volhard's  Method. 

1000  c.c.  ~  AgNO,  solution  =  ^« 2.604  gms.  CN. 

If  an  excess  of  silver  nitrate  is  added  to  a  solution  containing 
potassium  cyanide  and  we  attempt  to  titrate  the  excess  of  the 
former  by  means  of  potassium  sulphocyanate,  using  a  ferric  salt 
as  an  indicator,  there  will  be  no  distinct  end-point,  because  the 
silver  cyanide  reacts  with  the  ferric  sulphocyanate: 

3AgCN + Fe(CNS), + 3HN0, = 3AgCNS + 3HCN  4-  Fe(  NO,),. 

The  red  color  obtained  in  the  titration  will  disappear  on  stirring. 
If,  however,  the  neutral  cyanide  solution  is  treated  with  an  excess 
of  the  silver  solution,  then  slightly  acidified  with  nitric  acid,  di- 
luted up  to  a  definite  volume  in  a  measuring-flask  and  filtered 
through  a  dry  filter,  the  excess  of  silver  can  then  be  titrated  in 
an  aliquo^part  of  the  filtrate. 

*  The  ferric  solution  must  not  be  added  before  the  iodine  is'  completely 
precipitated,  because  in  acid  solution  it  oxidizes  the  hydriodic  acid  with 
separation  of  iodine.    Silver  iodide,  however,  is  without  action  on  ferric 

salts. 
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« 
(6)  Liebig' 8 Method* 

1000  c.c.  ^  AgNO,  solution  =  ^-5.208  gms.  CN. 
lU  o 

On  adding  silver  nitrate  solution  drop  by  drop  to  ar^  neutral 
or  alkaline  alkali  cyanide,  a  white  precipitate  is  formed  when 
the  two  liquids  first  come  in  contact  with  one  another,  but  on 
stirring  it  redissolves  owing  to  the  formation  of  potassiujn  silver 
cyanide: 

AgCN + KCN = Ag(CN)  jK. 

As  soon  as  all  of  the  cyanogen  is  transformed  into  potassium 
silver  cyanide,  the  next  drop  of  the  silver  solution  will  produce 
a  permanent  turbidity: 

Ag(CN),K+AgNO,=KN03+2AgCM! 

The  total  reaction  is,  therefore, 

2KCN+AgN0,=KN0,+Ag(CN)jK. 

1  Ag  corresponds  to  2  CN  and  the  end-point  of  the  reaction 
is  shown  by  the  formation  of  a  permanent  precipitate. 

The  alkali  cyanide  solution  is  placed  in  a  beaker,  a  little  potas- 
sium hydroxide  is  added,  and  the  solution  diluted  to  a  volume 
of  about  100  c.c.  The  beaker  is  placed  upon  a  piece  of  black 
glazed  paper  and  titrated  with  constant  stirring  until  the  tur- 
bidity is  obtained. 

For  the  analysis  of  free  hydrocyanic  acid,  the  solution  is  satu- 
rated with  potassium  hydroxide  and  treated  as  above. 

Determination  of  CJilorine  and  Cyanogen  in  the  Presence 

of  One  Another. 

First,  the  cyanogen  is  determined  by  the  method  of  Liq]big,  and 
then  enough  silver  solution  is  added  to  convert  all  of  the  cyanogen 
and  chlorine  into  their  silver  salts.  The  solution  is  acidified 
with  nitric  acid,  diluted  with  water  to  a  definite  volume,  filtered 

*  Ann.  d.  Chem.  und  Pharm.,  77,  p.  102. 


54^  VOLUMETRIC  ANALYSIS, 

thiough  a  dry  filter,  and  an  aliquot  part  of  the  filtrate  used  for 
the  titration  of  the  excess  of  silver  by  means  of  potassium  sulpho- 
cyanate,  according  to  Volhard.  The  calculation  of  the  cyanogen 
and  chlorine  is  illustrated  by  the  following  example: 

10  c.c.  of  the  solution  required  for  the  production  of  a  per- 

N  N 

manent  turbidity  t  c.c.  —  silver  solution.     Then  an  excess  of  rrx 

silver  solution  is  added  {T  c.c.  being  the  total  amount  used),  the 

solution  acidified  with  nitric  acid,  diluted  to  exactly  200  c.c.,* 

filtered  through  a  dry  filter,  and  the  exce^  of  the  silver  titrated 

N 
in  100  CO.  of  the  filtrate;  this  required  i^  c.c.  jjr  potassium  sulpho- 

cyanate  solution.  Consequently  the  amount  of  cyanogen  pres- 
ent is  <X0.005208  gm.,  and  the  chlorine  present  amoimts  to 
[7'-(2«+0]  0.003545  gm. 

Determination  of  Sulphocyanic  Acid.     Volhard's  Method. 

1000  c.c.  ~  AgNO,  solution  =-=j^= 5.911  gms.  HCNS. 

This  is  the  reverse  of  the  silver  determination  (p.  543).    An 

N 
excess  of  rrr  silver  solution  is  added  to  the  solution  containing 

the  sulphocyanate,  and  the  excess  of  silver  is  titrated  with  potas- 
sium sulphocyanate  solution,  using  ferric  alum  as  an  indicator. 

Determination  of  Sulphocyanic  and  Hydrocyanic  Acids  in  the 

Presence  of  One  Another. 

A  little  potassium  hydroxide  is  added  to  the  solution,  and 
after  diluting  to  about  100  c.c,  the  cyanogen  is  titrated  by  the 
method  of  Liebig  (p.  547).  Then,  after  adding  an  excess  of  silver 
solution,  nitric  acid  is  added  to  acid  reaction,  and  the  excess  of 
the  silvet  Ls  titrated  with  potassium  sulphocyanate  in  an  aliquot 
part  of  the  filtrate. 

*  The  operation  is  performed  in  a  measuring-flask.  After  the  addition 
of  the  acid,  the  flask  is  filled  up  to  the  mark  with  water,  thoroughly  mixed, 
and  then  filtered. 
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Determination  of  Hydrochloric,  Hydrocyanic,  and  Sulphocyanic 

Acids  in  the  Presence  of  One  Another. 

In  one  portion  the  cyanogen  is  determined  according  to  Liebig. 

N 
A  second  portion  is  treated  with  an  excess  of  r^  silver  solution, 

acidified  with  nitric  acid,  filtered,  the  precipitate  washed  with 
water,  and  the  excess  of  silver  in  the  filtrate  determined  according 
to  Volhard.  The  filter  containing  the  precipitate  is  "washed  by 
means  of  concentrated  nitric  acid  into  a  flask  and  boiled  for 
three-quarters  of  an  hour.  By  this  means  the  cyanide  and  sulpho- 
cyanate  of  silver  go  into  solution,  while  the  silver  chloride 
remains  undissolved.  The  solution  is  diluted  to  about  100  c.c, 
a  sufficient  amount  of  barium  nitrate  is  added  to  precipitate  the 
sulphuric  acid  formed,  and  the  silver  corresponding  to  the  cyanide 
and  sulphocyanate  is  titrated  with  potassium  sulphocyanate  with- 
out filtering  off  the  silver  chloride  or  barium  sulphate. 
The  calculation  is  accomplished  as  follows: 

N 

1.  For  the  titration  of  the  cyanide  in  alkaline  solution,  t  c.c.  ^^ 

silver  solution  were  necessary,  and  for  the  precipitation  of  the 

N 
same  amount  of  cyanogen  in  acid  solution  2  t  c.c.  j^  silver  solu- 
tion were  required. 

2.  For  the  precipitation  of  the  chlorine  4- cyanogen +  sulpho- 

N 
cyanogen  in  acid  solution,  T  c.c.  of  tt:  silver  solution  were  used. 

N 

3.  Finally,  ^^  c.c.  y^  KCNS  solution  were  used  for  the  precipi- 
tation of  the  silver  cyanide +sulphocyanide. 

Then 

1.  Cyanogen =/x0.00521  gm.  CN. 

2.  Sulphocyanogen=(«i-2  0X0.00581gm.  CNS. 

3.  Chlorine  =  ( r  -  <i)  X  0.003545  gm.  CI. 
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Determination  of  Sulphuric  Acid  (Andrews).* 

1000  C.C.  ^  Na^,0,=^^^  =  ^=-3.269  gms.  H^O,. 

The  solution  of  the  sulphate  is  treated  with  an  excess  of  a 
hydrochloric  acid  solution  of  barium  chromate,  by  which  means 
barium  sulphate  ,is  precipitated,  while  an  equivalent  amount 
of  chromic  acid  is  set  free.  If  the  solution  is  then  neutralized 
with  ammonia  or  calcium  carbonate,  the  excess  of  barium  chro- 
mate is  precipitated  and  can  be  filtered  off  with  the  barium  sul- 
phate. In  the  filtrate,  the  amount  of  free  chromic  acid  is  deter- 
mined volumetrically  by  acidifying  with  hydrochloric  acid,  adding 
potassium  iodide  and  titrating  the  deposited  iodine  with  sodium 
thiosulphate  solution. 

The  barium  chromate  used  for  this  determination  must  be  com- 
pletely free  from  soluble  chromate  and  can  contain  no  soluble 
barium  salt  nor  barium  carbonate;  the  presence  of  barium  sul- 
phate exerts  no  influence. 

It  is  best  to  prepare  the  barium  chromate  by  precipitating 
barium  chloride  with  potassium  chromate  at  the  boiling  tem- 
perature. The  precipitate  is  washed  first  with  boiling  water  con- 
taining a  little  acetic  acid,  then  with  pure  water  and  dried.  The 
solution  used  for  the  analysis  is  obtained  by  dissolving  2  to  4  gms. 
of  the  dry  salt  in  1  liter  of  normal  hydrochloric  acid. 

Procedure, — The  solution  of  the  sulphate,  which  at  the  most 
should  contain  not  over  2  per  cent,  of  SO,,  is  almost  neutralized 
(in  case  it  reacts  acid)  with  potassiiun  hydroxide  solution,  pre- 
cipitated at  the  boiling  temperature  with  an  excess  of  the  hydro- 
chloric acid  solution  of  barium  chromate  and  boiled  for  one  minute. 
If  the  solution  originally  contained  carbonate,  the  boiling  is  con- 
tinued for  five  minutes.  The  precipitated  barium  sulphate  alwa3rs 
carries  a  little  barium  chromate  with  it  and  consequently  appears 
yellow  in  color. 

To  the  boiling  solution,  calcium  carbonate  free  from  alkali  is 
added  in  small  amoimts  until  there  is  no  further  evolution  of  carbon 
dioxide,  after  which  the  hot  Uquid  is  filtered  and  the  precipitate 
washed  with  hot  water. 


*  Amer.  Chem.  Joum.,  2,  567. 
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After  cooling,  an  excess  of  potassium  iodide  is  added  and  5  c.c. 
of  concentrated  hydrochloric  acid  for  each  100  c.c.  of  the  solution; 
the  liberated  iodine  is  titrated  as  described  on  p.  530. 

Remark, — ^When  iron,  nickel  or  zinc  salts  are  contained  in  the 
solution,  the  acid  present  cannot  be  neutralized  with  calcium  carbon- 
ate because  these  salts  when  boiled  with  calcium  carbonate  and  a 
soluble  chromate  form  insoluble  basic  chromt^tes,  so  that  too  little 
chromic  acid  will  be  found  in  the  filtrate  corresponding  to  too  little 
sulphuric  acid.  In  such  a  case  the  neutralization  is  effected  with 
ammonia,  an  excess  being  added,  the  solution  boiled  until  the 
excess  is  almost  entirely  expelled  and  then  filtered. 

Determination  of  Phosphoric  Acid.    Method  of  Pincus. 

Principle. — If  a  neutral  solution,  or  one  slightly  acid  with 
acetic  acid,  is  treated  with  uranyl  acetate,  a  greenish-white  pre- 
cipitate of  uranyl  phosphate  is  formed: 

KH,PO, + UOjCCyijOj)^  =  KC^HjOj + HC^HaO, + UO^HPO^. 

If  at  the  same  time  ammonium  salts  are  present,  ammonium 
is  contained  in  the  precipitate: 

KHjPO, + UO^CC^sO,), + NH,C^30,= 

=  KC AOj + 2HC2H,02 + UO^NH.PO,. 

The  end  of  the  precipitation  is  determined  by  testing  a  drop 
of  the  solution  on  a  porcelain  tile  with  potassium  ferrocyanide. 
As  soon  as  all  of  the  phosphoric  acid  is  precipitated  and  the  solu- 
tion contains  a  trace  of  uranyl  acetate  in  excess,  the  ferrocyanide 
solution  produces  a  brown  coloration. 

In  order  to  completely  precipitate  the  phosphoric  acid,  it  is 
necessary  to  titrate  in  a  boiling  hot  solution.  As,  however,  a  solu- 
tion of  calcium  phosphate  will  become  turbid  on  boiling,  owing 
to  the  formation  of  secondary  calcium  phosphate  (CaHP04),  it  is 
best  to  precipitate  the  greater  part  of  the  phosphoric  acid  in  the 
cold,  then  heat  to  boiling  and  complete  the  titration. 

Requirements.  1.  Potassium  Phosphate  Solution. — ^This  is  ob- 
tained by  dissolving  19.179  gms.  (corresponding  to  10  gms.  PjOj) 
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of  chemically  pure  monopotassium  phosphate  (which  can  be  ob- 
tained commercially)  in  1  liter  of  water. 

The  concentration  of  the  solution  is  confirmed  by  evaporating 
50  c.c.  to  dryness  in  a  large  platinum  crucible,  igniting  the  residue 
over  the  full  flame  of  a  Bunsen  burner  and  weighing  as  KPO3;  also 
by  precipitating  another  portion  as  magnesium  ammonium  phos- 
phate and  weighing  as  magnesium  pyrophosphate. 

50  c.c.  of  the  solution  correspond  to  0.5  gm.  PjOg 

and  should  yield 0.8320  gm.  KPO3 

and 0.7842  gm.  MgjPjO^. 

2.  Calcium  Phosphate  SoltUion, — 5.458  gms.  of  CaaPjOg,  cor- 
responding to  2.5  gms.  PjOg,  are  dissolved  in  a  little  nitric  acid, 
diluted  with  water  to  a  volume  of  1  liter,  and  the  concentration  of 
the  solution  tested  by  means  of  the  molybdate  method  of  Woy 
(p.  348). 

3.  Uranyl  Acetate  SoltUion, — ^This  is  made  by  dissolving  about 
35  gms.  of  uranyl  acetate  in  a  liter  of  water. 

4.  Ammonium  Acetate  Solution, — 100  gms.  of  pure  ammonium 
acetate  and  100  c.c.  of  acetic  acid,  sp.  gr.  1.04,  are  diluted  with 
water  to  a  volume  of  1  liter. 

5.  Potassium  Ferrocyanide, — ^The  salt  is  used  in  the  powdered 

form. 

Procedure. 

(a)  Standardization  of  the  Uranium  Solution. 

50  c.c.  of  the  potassium  phosphate,  or  calcium  phosphate, 
solution  are  treated  with  10  c.c.  of  the  ammonium  acetate  solution, 
and  to  it  the  uranyl  acetate  solution  is  run  in  from  a  burette  until 
a  drop  of  the  solution  will  show  a  brown  coloration  when  treated 
with  solid  potassium  ferrocyanide  upon  a  white  porcelain  tile.  The 
solution  is  then  heated  to  boiling,  when  a  drop  of  it  will  no  longer 
react  with  the  ferrocyanide.  To  the  hot  solution  more  of  the 
uranium  solution  is  added,  until  the  brown  color  is  obtained  once 
more. 

If  for  the  precipitation  of  the  phosphoric  acid  contained  in 
50  c.c.  of  the  potassium  phosphate  solution  (0.5  gm.  P.OJ,  T 
c.c.  of  the  uranium  solution  were  required,  its  concentration  is 

y  g^-  P2O6  per  c.c. 
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For  the  analysis  of  alkali  phosphates,  the  solution  is  standard- 
ized against  the  potassium  phosphate  solution,  while  for  the 
analysis  of  an  alkaline-earth  phosphate  the  solution  of  calcium 
phosphate  is  used. 

(6)  Determination  of  Phosphoric  Acid  in  Alkali  Phosphates, 

The  solution  to  be  analyzed  should  be  of  about  the  same  con- 
centration as  that  of  the  potassium  phosphate  used  for  the  stand- 
ardization, and  titrated  as  above.  Phosphate  solutions  of  different 
concentrations  give  different  results  by  the  titration. 

(c)  Determination  of  Phosphoric  Add  in  Calcium  Phosphate, 

A  weighed  amoimt  of  calcium  phosphate  is  dissolved  in  dilute 
nitric  acid,  ammonia  is  added  to  the  solution  until  a  permanent 
precipitate  is  produced,  which  is  redissolved  in  a  little  acetic  acid, 
10  c.c.  of  the  ammonium  acetate  solution  are  added,  and  the 
solution  is  titrated  with  the  standardized  solution  of  uranyl 
acetate. 

Remark. — In  the  presence  of  iron  and  aluminium  this  method 
will  not  give  accurate  results  because  the  phosphates  of  these 
metals  are  insoluble  in  acetic  acid.  In  such  cases,  the  turbid 
acetic  acid  solution  is  filtered  and  the  phosphoric  acid  determined 
in  the  filtrate  by  the  above  titration.  The  precipitate  consisting 
of  iron  and  aluminium  phosphates  is  ignited,  weighed,  and,  if 
it  amounts  to  less  than  0.01  gm.,  half  its  weight  is  taken  as  Pfi^; 
otherwise  the  phosphoric  acid  in  the  precipitate  must  be  deter- 
mined by  the  molybdate  method. 


PART  in. 


GAS  ANALYSIS. 


The  chemical  analysis  of  gas  mixtures  is  accomplished  usually 
by  measuring  and  rarely  by  weighing  the  individual  constituents, 
so  that  it  is  customary  to  express  the  results  in  per  cent,  by  volume. 
But  inasmuch  as  the  volume  of  a  gas  is  influenced  to  an  extraor- 
dinary extent  by  the  temperature  and  pressure,  it  is  necessary 
to  reduce  each  measurement  to  standard  conditions  of  tempera- 
ture and  pressure,  and  further  to  take  care  that  these  remain 
constant  during  the  whole  of  the  analysis.  A  volume  of  gas  Y 
measured  over  water  at  ^  C.  and  B  nmi.  barometric  pressure, 
is  reduced  to  the  volume  which  it  would  assume  at  0°  C.  and 
760  mm.  pressure  in  a  dry  condition  by  means  of  the  formula 

^    760(l+a0* 

In  this  formula,  F©  represents  the  reduced  volume,*  Y  the 
volume  of  the  gas  at  ^  C.  and  B  mm.  pressure,  w  the  tension 
of  aqueous  vapor,  and  a  the  expansion  coefficient  of  the  gas 
(  =  0.003665). 

As,  however,  <^=^k^^  the  above  formula  may  be  written  as 

follows : 

Y{^-w^m 
^     760(273  +  0' 


*  Or  volume  under  standard  condititms. 
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Instead  of  reducing  the  observed  volume  to  the  standard 
conditions  by  computation,  it  can  be  effected  mechanically  by 
compression  (see  p.  306). 

The  Collection  and  Confinement  of  Gas  Samples. 

Since  all  gases  diffuse  rapidly  into  one  another  even  when 
separated  by  porous  solid  bodies  or  liquids,  it  is  evident  that  the 
collection  of  the  sample  and  its  preservation  offers  certain  diffi- 
culties. If  a  gas  is  confined  in  a  bell  jar  over  water  and  thus  kept 
out  of  contact  with  the  air,  it  will  be  found  that  different  results 
will  be  obtained  in  the  analysis  of  the  gas  from  day  to  day.  The 
air  gradually  penetrates  through  the  water  into  the  bell  jar  and 
in  the  same  way  the  gas  within  the  jar  gradually  diffuses  into 
the  atmosphere.  This  process  will  continue  until  finally  the 
composition  of  the  gas  both  within  and  without  the  jar  is  the 
same.  The  rapidity  of  the  diffusion  depends  upon  the  extent 
to  which  the  gases  are  absorbed  by  the  liquid  which  separates 
them.  Those  liquids  which  absorb  the  gases  readily,  allow  them 
to  pass  through  it  rapidly,  and  consequently  cannot  be  used  for 
keeping  the  gases  apart.  Of  all  liquids,  mercury  is  best  suited 
for  the  purpose,  because  it  absorbs  only  minimum  amounts  of 
the  different  gases. 

Gases  which  combine  chemically  with  mercury,  such  as  chlo- 
rine, bromine  vapors,  hydrogen  sulphide,  etc.,  cannot,  of  course, 
be  collected  over  mercury;  it  is  best  to  collect  them  in  dry  glass 
tubes  and  to  seal  the  latter  by  fusing  together  the  open  ends  in 
case  the  gas  cannot  be  analyzed  immediately.  Through  glass 
there  is  no  diffusion,  so  that  gases  may  be  kept  unchanged  in  sealed 
tubes  for  years. 

If  the  gas  is  to  be  analyzed  within  a  few  days  after  the  time 
of  collection,  it  can  be  kept  in  pipette-shaped  tubes.  The  ends 
are  closed  by  thick  pieces  of  rubber  tubing  into  each  of  which  is 
inserted  a  piece  of  glass  stirring-rod  with  rounded  ends ;  where  the 
rubber  tubing  comes  in  contact  with  the  glass  it  should  be  fastened 
tightly  with  wires.  It  is  not  permissible  to  keep  gases  in  such 
tubes  for  a  considerable  length  of  time,  for  rubber  particularly 
when  it  has  become  hard,  permits  the  diffusion  of  gases  to  some 
extent. 
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For  less  accurate  analyses,  the  gases  may  be  collected  over 
water  which  has  been  previously  saturated  with  the  gas  to  be 
analyzed,  and  the  analysis  must  be  made  immediately  afterwards. 

From  what  has  been  said,  it  is  evident  that  care  must  be  taken 
in  collecting  and  keeping  the  gas  to  be  analyzed.  We  will  now 
consider  briefly  a  few  practical  examples. 

(a)  Collection  of  Gases  in  Accessible  Places. 

1.  The  neck  of  a  200-c.c.  flask  is  drawn  out  somewhat  and 
a  glass  tube  is  inserted  and  about  800  c.c.  of  the  gas  to  be 
analyzed  are  drawn  through  the  flask  by  means  of  suction 
(Fig.  76).  The  neck  of  the  flask  is  closed  by  means  of  a  rubber 
cap  and  the  glass  is  fused  together. 

(6)  CoUection  of  Gases  frotn  Inaccessible  Places, 

The  rubber  tubing  G,  Fig.  77,  is  connected  on  one  side  with 
the  aspirator  A  of  about  30  liters  capacity  and  on  the  other  with 


IAa 


the  source  of  the  gas,  and  water  is  allowed  to  flow  quickly  from 
the  former.     After  5  or  6  liters  have  run  out,  the  air  is  usually 
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completely  expelled  from  the  rubber  tubing  and  replaced  by  the 
gas  to  be  analyzed,  so  that  it  is  now  ready  for  collecting  the  sample. 
For  this  purpose  the  stop-cock  H  is  turned  90°  to  the  right,  so  that 
the  vessel  i2,  which  is  to  receive  the  gas,  is  in  communication 
with  the  outer  air,  and  the  air  is  expelled  from  it  by  raising  the 
mercury  reservoir  iV.  The  stop-cock  is  then  turned  back  to 
the  position  shown  in  the  figure  and  R  is  filled  with  the  gas  by 
lowering  N.  As  the  tubing  between  the  T  tube  and  the  stop- 
cock contained  impure  gas,  R  is  again  filled  with  'mercury  and 
the  gas  expelled  into  the  air.  After  the  process  has  been  repeated 
three  times,  the  receiver  is  filled  for  the  last  titae  with  the  gas, 
H  is  closed,  N  is  lowered  so  that  the  pressure  in  the  tube  is  less 
than  that  of  the  atmosphere,  and  the  ends  of  R  are  fused  together 
first  at  a  then  at  6.  During  this  sealing  of  the  tube,  it  should 
be  removed  from  the  ring-stand  so  that  the  tube  can  be  revolved 
a  little  while  being  heated  in  the  flame. 

The  ends  of  the  tube  are  drawn  out  a  little  at  fl',  as  shown  in 
Fig.  77. 

If  it  is  necessary  to  obtain  the  gas  from  places  at  a  very  high 
temperature,  e.g. ,  from  blast-furnaces,  producers,  . . 

etc.,  glass  tubes  would  melt,  and  if  ordinary  ^y) 

iron   tubes   were   not   melted  they  would  de-  ^     r{f{ —  ^* 

compose  the  gas.  In  this  case  it  is  best  to^  = 
use  the  water- jacketed  iron  tube  devised  by 
St.  Claire  Deville  and  shown  in  Fig.  78.  Cold 
water  is  run  into  the  outer  condenser  at  a 
and  allowed  to  run  out  at  b,  and  the  gas  is  col- 
lected as  described  above  through  the  tube  c. 
It  is  important  that  the  water  should  run 
through  the  tube  fast  enough  to  keep  the  inner 
tube  cold,  otherwise  the  gas  will  be  decom- 
posed. By  this  means  there  is  no  difficulty  in  collecting  gas 
samples  from  different  heights  of  the  glowing  layers  of  coal  in 
blast-furnaces  or  producers. 

Collection  of  Gases  Arising  from  Mineral  Springs. 

The  receiver  R  is  connected  with  the  funnel  T  by  means  of  the 
rubber  tubing  q  (Fig.  79).    All  these  parts  of  the  apparatus  are 


Fio.  78. 
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filled  with  spring-water  and  the  gas  is  allowed  to  ascend  up  through 
the  fimnel  as  shown  in  the  illustration. 
In  order  that  the  gas  may  pass  from 
the  funnel  into  the  receiver,  R  is  raised 
so  that  only  the  tubing  p  remains  in 
the  water  while  the  funnel  is  lowered 
as  deep  as  possible,  causing  pressure 
oiou^  to  drive  the  gas  over.  Th  ■ 
tubing  is  then  closed  just  above  a  by 
means  of  a  screw-cock,  a  beaker  filled 
with  spring-water  is  placed  under  p, 
the  apparatus  removed  from  the  spring, 
and  both  ends  of  R  are  fused  together 
Fig.  7fl.  with  the  blowpipe.      If  the  gas  is  to 

be  analyzed  within  two  or  three  da}'s, 
the  receiver  may  be  closed  by  pieces  of  short  rubber  tubing  each 
containing  a  short  piece  of  glass  rod  with  rounded  ends.  All  of 
such  connections  must  be  fastened  by  means  of  wires  where  the 
glass  comes  in  contact  with  the  rubber.  According  to  the  above 
method  the  gas  arising  from  the  thermal  springs  of  Baden,  Switzer- 
land, was  collected  and  analyzed.  *  The  results  obtained  showed 
that  it  makes  but  little  difference  which  method  is  tised  for  clo^ng 
the  receiver,  provided  the  analysis  b  made  within  a  short  time. 
100  c.c.  of  the  gas  contained: 

I  n 

Nitmgen 69.13  69.15 

Carbon  dioxide 30.81  30.90 

Hydrogen  sulphide 0.05  0.05 

Oxygen 0.00  0.00 

99.99  100.10 

Sample  1  was  collected  and  the  ends  of  the  receiver  fused  to  ■ 
gether,  while  with  sample  II  the  ends  were  closed  by  means  of  rul> 
ber  tubing  and  glass  rods,  and  analyzed  five  days  later. 

*  "Chemische  Untersuchung  der  Schwefeltbenne  von  Baden  (KantOD 

Aatgau),"  by  F.  P.  Treadwell,    1896. 
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Collection  of  Gases  Absorbed  in  Spring-^waier. 

Of  the  many  different  methods  which  have  been  proposed  for 
the  analyses  of  the  absorbed  gases  in  spring-water,  the  author  has 
found  the  following  to  give  the  best  results. 

The  flask  A,  Fig.  80,  is  filled  witJi  spring-water  up  to  its  upper 
edge  and  the  rubber  stopper  contwning  the  tube  L,  which  is  fused 
together  at  the  bottom  but  has  an  opening  on  the  side  at  I,  is  imme- 


Fio.  80. 

diately  placed  in  the  neck  and  pressed  down  to  the  marie.  The 
tube  L  is  raised  so  that  the  opening  /  is  within  the  stopper,  thus 
making  an  air-tight  connection.  The  bulb  K  is  now  connected 
with  L,  filled  half  full  with  distilled  water  and  connected  with  the 
capillary  tubing  C,  although  the  latter  is  not  yet  connected  with 
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the  measuring-tube  B,  as  shown  in  the  illustration.  The  levelling- 
tube  N  is  next  raised  until  mercury  begins  to  flow  out  of  the 
right-angled  capillary  tube,  when  the  stop-cock  H  is  closed.  After 
this  the  water  in  the  bulb  K  (which  is  held  in  an  inclined  position) 
is  boiled  for  three  minutes,  meanwhile  warming  the  capillary  tub* 
ing  connected  with  the  measuring-tube.  Unless  this  last  precau- 
tion is  taken,  the  capillary  tubing  is  likely  to  break,  particularly 
in  winter.  After  the  water  in  K  has  boiled  vigorously  for  three 
minutes,  the  flame  is  removed,  C  is  quickly  connected  with  the 
measuring-tube  B  and  the  rubber  connection  is  securely  fastened 
with  wire.  By  boiling  the  water  in  IT,  a  complete  vacuum  is 
produced  in  the  bulb,  so  that  the  gas  can  be  at  once  collected 
from  the  spring-water.  For  this  piupose  the  tube  L  is  pressed 
down  through  the  rubber  stopper  until  the  opening  {  comes 
just  below  its  lower  edge,  the  levelling-tube  N  is  lowered,  and 
the  stop-cock  H  is  opened.  At  once  there  is  a  lively  evolution 
of  gas  from  the  water  in  A  and  this  is  subsequently  maintained  by 
warming  the  water.  As  soon  as  the  eudiometer  is  full  the  stop- 
cock is  closed  and  the  volume  of  the  gas  read  after  bringing  the  mer- 
cury to  the  same  level  in  N  that  it  is  in  B,  At  the  same  time  the 
temperature  of  the  water  in  the  condenser  M  is  taken  by  the  ther- 
mometer T  and  the  barometer  is  read.  The  gas  is  then  driven  over 
into  the  Orsat  tube  0  containing  potassium  hydroxide  solution  (1:2) 
and  allowed  to  remain  there  for  the  time  being.  Meanwhile  the  boil- 
ing of  the  water  in  A,  measurement  of  the  gas  in  B,  etc.,  are  con- 
tinued until  finally  no  more  gas  is  evolved  from  the  spring-water. 
All  of  the  gas  is  driven  over  into  the  Oreat  tube  after  its  volume 
has  been  noted  and  by  means  of  the  caustic  potash,  the  carbonic 
acid  is  quantitatively  absorbed.  The  unabsorbed  gas  is  again 
driven  over  into  B  and  its  volume  read.  By  correctly  regulat- 
ing the  velocity  of  the  current  of  water  flowing  through  the  con- 
denser, it  is  easily  possible  to  maintain  a  constant  temperature 
throughout  the  whole  of  the  experiment.  The  residual  gas  remain- 
ing after  the  absorption  of  the  carbon  dioxide  consists  usually 
of  nitrogen,  oxygen,  and  in  some  cases  methane.  It  is  trans- 
ferred to  the  apparatus  of  Hempel,  and  analyzed  according  to 
methods  which  will  be  described  further  on. 

According   to   this  method,   the   determination   of   nitrogen. 
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oxygen,  and  methane  gives  exact  results,  but  the  apparent  amount 
of  carbon  dioxide  is  sometimes  too  much  and  sometimes  too  Lttle. 
If  the  water  contains  large  amounts  of  bicarbonate  in  solution, 
the  carbonic  acid  found  will  represent  more  than  was  originally 
present  in  the  free  state,  for  such  substances  are  partly  decom- 
posed by  boiling  their  aqueous  solution.  On  the  other  hand,  if 
only  a  little  bicarbonate  is  present,  the  result  will  be  too  low,  for 
it  is  not  possible  to  remove  all  of  the  free  carbonic  acid  from  a 
solution  by  boiling  it  in  a  vacuum. 

(Consequently,  in  all  cases  the  free. carbonic  acid  must  be  deter- 
mined by  computation.  For  this  purpose,  in  a  fresh  sample  of 
the  water,  the  total  carbonic  acid  is  determined  according  to  p.  309, 
and  then  if  the  composition  of  the  solid  constituents  present  is 
known,  the  volume  of  the  free  carbonic  acid  can  be  calculated. 

Example,  — 1000  gms.  of  Tarasper- Lucius  water  contain 
7.8767  gms.  of  total  carbonic  acid.  Of  this  amount,  a  part  of  it 
is  present  in  the  water  as  carbonate  ('*  combined  "  carbonic  acid), 
an  equal  amount  as  "half-combined"  carbonic  acid,  and  the  re- 
mainder is  free  carbonic  acid.  If  from  the  total  amount  of 
carbonic  acid  the  "combined"  and  "ha'f-combined"  acid  is 
deducted  (or  what  is  the  same  thing,  double  the  amount  of  the 
^'combined"  carbonic  acid),  the  difference  represents  the  amount 
of  free  carbonic  acid  present. 

Calcidatian  of  the  '^Combined''  Carbonic  Add. 

This  is  obtained  by  multiplyiiig  the  difference  between  the 
number  of  cathions  and  anions  (expressed  in  monovalent  ions)  by 
the  molecular  weight  of  carlx>nic-acid  (CO3)  ions  and  dividing  by 
two,*  because  the  sum  of  the  cathions  in  every  salt  solution  is 
eq".al  to  that  of  the  anions  present  when  both  are  expressed  in 
monovalent  ions. 

The  *' monovalent  ions"  are  obtained  by  dividing  the  amount 
in  grams  of  each  element  (or  radical)  present  by  its  atomic  (or 
molecular)  weight  and  multiplying  by  the  valence. 

*  For  the  CO.^-iron  is  bivalent. 
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(a)  CaladaHcn  of  the  Caihiaru, 
1000  gms.  Lucius  water  contain: 


Ions. 

Sodium 3.90610:  23. 05»0. 169460  Xl«0. 169460 

Potaanmn 0.16603  :  39. 15» 0.004241  Xl»0.004241 

Lithium 0.00914:    7. 03^0.001300  Xl»0.001300 

Ammonium. 0.01298  :  18. 08^0.000718  X  1^0.000718 

Calcium 0.62601  :  40. 00» 0.015673  X2»0. 081346 

Strontium 0.00879:87.60=0.000100  X2«0.000201 

Hagnenum 0.19040  :  24. 36» 0.007816  X2»0. 015632 

lion 0.00603  :  56.00»0.000107  X2=0. 000215 

Manganese 0.00021:55.00^0.000004  X2»0. 000008 

Aluminium 0.00064  :  27. 10»0. 0000237 X3» 0.000071 

Sum  of  the  cathions  -0.223192 


(b)  Calculation  of  the  Anions. 

Chlorine  (a) 2.40000  :  35. 45» 0.067700  Xl"0. 067700 

Bromine  (Br) 0.02890:79.96=0.000362  Xl»0.000362 

Iodine  (I) 0.00086:126.85=0.000007  X  1=0.000007 

Sulphuric  acid  (SO^) .. .   1.72098:96.06=0.017916  x2=0. 035832 

Boric  acid  (BO;) 0.57600:43.00=0.013390  Xl=0.013390 

Phosphoric  acid  (PO^) .    0.00008:95.00=0.000001  X3=0. 000003 

Silicic  add  (SiOJ 0.01421  :  76.40=0.000186  X2=0. 000372 

Sum  of  the  anions       =0.117666 


Sum  of  the  cathions     =0.223192 
Sum  of  the  anions        =0.117666 


COg  anions  remaining  =0.105526 

expressed  in  monovalent  ions. 

As  CO,  is  a  bivalent  ion,  half  of  this  amount  re|»e8ents  the  actual  amount 
of  CO4  ions  present: 

0.105526    ^  «^«,^ 
:z —0.052763. 


This  corresponds  to 0.052763X60=3 .  16578  gms.  CO, 

Orthe  "combined"  carbonic  add =2  32157     "    CO, 
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Calculation  of  the  Free  Carbonic  Acid. 

Total  amount  of  carbonic  acid  (CO,)  present 7 .  8767  gms.  per  liter 

Amountof 'combined'' carbonic  acid   2.3216     "       "    " 

Amountof  free +  '' half -combined  "carbonic  acid  5.5551     '*       "     " 
Amount  of  "half-combined"  carbonic  acid 2.3216     "      "     " 

Amount  of  free  carbonic  acid 3.2335     "      **     " 

This  weight  of    carbon    dioxide    occupies   1645.4  c.c.  under  standard 
conditions. 

By  boiling  828.3  gms.  of  the  water,  1868.9  c.c.  of  (X),  were 
obtained  at  8.4**  C.  and  651  mm.  pressure,  containing  only  traces 
of  nitrogen.  This  corresponds  to  1852.3  c.c.  at  0°  C.  and  760  mm. 
pressure,  per  liter,  which  is  more  than  the  calculated  amount, 
because  the  carbonic  acid  gas  consisted  partly  of  free  and  partly 
of  '*  half -combined"  carbonic  acid. 

In  cases  where  the  amount  of  bicarbonate  present  is  very 
small,  the  total  amount  of  carbonic  acid  obtained  by  boiling  the 
water  is  always  too  small.  Thus  in  the  case  of  the  thermal  water 
of  Baden,  by  boiling  there  was  obtained : 

Nitrogen 14.43  c.c.  per  liter 

Carbon  dioxide 112.12   "      "      " 


126.55   " 


tt      (t 


while  from  the  analysis,  the  free  carbonic  acid  was  computed  to 
be  180.52  c.c.  The  absorbed  gas  in  the  thermal  water  of  Baden 
is,  therefore, 

Nitrogen 14. 43  c.c.  per  liter 

Carbon  dioxide 180.52   "      ''      '' 


194.95 


tt      tt      tt 


Remark, — ^With  the  above  method  of  collecting  the  gas,  it  is 
difficult  to  prevent  some  water  getting  into  the  measuring-tube  B, 
by  means  of  which  a  small  amount  of  the  gas  will  be  reabsorbed. 
This  difficulty  is  avoided,  however,  if  the  flask  shown  in  Fig.  81  is 
used  to  contain  the  water. 
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This  flask  is  provided  with  a  short  tube  blown  into  its  neck 
near  the  top  and  connected  by  means  of  thick-watled  rubber 
tubing  w.th  the  mercury  reservoir 
R.  In  order  to  determine  the  con- 
tents of  the  flask,  a  scratch  is  made 
on  the  small  tube  about  4  cm. 
from  the  neck  of  the  flask,  the 
mercuiy  is  driven  over  just  to 
'  this  mark,  and  the  rubber  tubing 

tightly  closed  by  means  of  a  screw- 
cock.  The  reservoir  is  then  emptied 
of  mercury,  and  the  flask  is  weighed 
together  with  the  stopper,  glass 
tube  L,  rubber  tubing,  and  what 
mercury  remains  above  Q.  The 
flask  is  then  filled  with  water,  the 
stopper  pressed  down  to  the  mark 
PiQ  81.  ™  ^^^  ^^^  of  '*^6  flaak,  and  the  tube 

L  is  raised  until  the  lower  opening 
I  comes  within  the  stopper.  After  drying  the  tube  L  with  blotting- 
paper,  the  flask  and  its  contents  are  weighed.  Its  capacity  is 
then  etched  upon  it 

For  the  determination  of  the  gases  absorbed  in  a  liquid,  the 
flask  A  is  filled  with  it  in  the  same  way  as  in  the  determination 
of  its  capacity,  the  bulb-tube  K,  half  filled  with  distilled  water, 
is  connected  with  h,  and  the  latter  Ls  connected  with  a  capillary 
tube  as  shown  in  Fig  80.  The  air  is  removed  from  K  and  the 
capillary  tubing  by  boihng  the  wat^r  in  the  former,  as  described 
on  p.  560,  and  the  capillary  is  then  connected  with  the  measuring- 
tube  S,  Fig.  80.  The  heavy  rubber  tubing  b  now  connected  with 
the  reservoir  as  shown  in  Fig.  81,  and  the  latter  Ls  paced  in  a 
beaker  of  hot  water.  The  tube  L  \s  introduced  into  the  neck 
of  the  flask  until  the  opening  I  can  just  be  seen,  and  the  gas  K 
expelled  in  the  same  way  as  described  on  p.  560,  except  that  in 
this  Cdec  the  liquid  Ls  not  allowed  to  rise  so  high  in  K.  After 
three-quarters  of  an  hour  the  gas  will  be  completely  expelled 
from  the  liquid.  The  last  portions  of  the  gas  are  driven  over  into 
B  by  lowering  the  levelling -tube  iV  (Fig.  80),  raising  the  mercury 
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reservoir  R  (Fig.  81),  and  carefully  opening  the  screw-cock  Q, 
A  warm  stream  of  mercury  will  then  flow  into  the  flask,  expelling 
the  gas  into  the  measuring-tube.  As  soon  as  the  liquid  in  A  has 
been  driven  over  as  far  as  the  stop-cock  H,  this  is  inmiediately 
closed.  Otherwise  the  procedure  is  the  same  as  was  described 
on  p.  560, 

In  order  to  test  the  accuracy  of  this  method,  the  author  made 
a  few  determinations  of  the  oxygen  absorbed  in  the  lake-water  at 
Zurich,  and  the  results  were  compared  with  those  obtained  by 
E.  Martz  in  this  laboratory  by  means  of  the  method  of  L.  Winkler 
(see  p.  574). 

OXYGEN    IN    1    LITER    OF  ZURICH    LAKE-WATER. 


Modified  Pettereson  Method. 

Method  of  L.  Winkler. 

I                            II 
7.66  c.c.           7.74  c.c. 

I                             II 
7.67  C.C.            7.75  c.c. 

The  Transference  of  Gases  in  Sealed  Tubes  to  the  Apparatus 

Used  for  the  Analysis. 

We  will  assume  the  gas  to  be  contained  in  /2,  Fig.  82.  Over 
one  of  the  short  tubes  connected  with  the  three-way  stop-cock  //  is 
placed  a  piece  of  thick-walled  rubber  tubing  which  contains  a  short 
piece  of  heavy  glass  tubing  r.  The  stop-cock  is  then  revolved  so 
that  the  rubber  tubing  is  above  it  and  the  latter  is  filled  with  mer- 
cury. //  is  then  turned  180°  toward  the  left  so  that  the  left  and 
upper  tubes  communicate  with  one  another.  As  soon  as  the 
mercury  begins  to  run  out,  the  stop-cock  is  closed.  One  end  of  R 
is  then  introduced  into  the  rubber  tubing  containing  the  mercury 
so  far  that  its  dra\vTi-out  point  reaches  within  r,  and  the  rubber 
tubing  is  securely  fastened  by  wiring.*  In  a  similar  way,  the  other 
end  of  R  is  connected  with  the  rubber  tubing  filled  with  m.ercury 
of  the  levelling-tube  iV,  and  after  this  the  stop-cock  H  is  connected 
with  the  measuring  apparatus  W  by  means  of  the  capillary  tubing 

*  Annealed  iron  wire  is  used.    Copper  or  brass  wire  would  be  likely  to 
become  amalgamated  with  mercury. 
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E.      Ht  laL^i-'-z  tf*  lerella?  l/ilb  K'.  the  air  is  expeCed  frora  ■* 
ai^  the  caj/iIW>'  f ,  ^ui  tLe  fLemuy  is  alxmcd  to  nse  ia  the  fuD- 
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nel  7*.  The  stop-cock  ff  is  turned  so  that  communicatioD  b  estab- 
IUh<!<l  l>ctn-e<.-n  R  and  H',  and  the  ends  of  the  former  are  opened 
by  prcfwing  the  capillaries  against  r  and  r'.  Then,  by  raising  A' 
and  lowering  K,  the  gas  is  readily  driven  over  into  IF. 

Subdivisioiu  of  Gas  Analysis. 

Aceordinf!  to  the  manner  of  determining  the  amount  of  gaa, 
we  distinguish  between: 

1.  Absorplion  Methodt. 

2.  CamhuMwri  Afelhodg. 

3.  Volumetric  Methods. 
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In  the  case  of  an  absorption  method  the  mixture  of  gases  is 
treated  with  a  series  of  absorbents.  The  difference  in  the  volumes 
of  the  gas  before  and  after  it  has  been  acted  upon  by  each  absorbent 
represents  the  amount  of  gas  absorbed.  The  absorption  of  the 
gas  may  take  place  in  the  measuring-tube  itself,  or,  what  is  better, 
in  separate  absorption  vessels. 

In  this  way,  the  amount  of  carbon  dioxide,  heavy  hydrocar- 
bons (ethylene,  benzol,  acetylene,  etc.) ,  oxygen,  and  carbon  mon- 
oxide may  be  determined  in  illuminating-gas,  producer  gas,  water- 
gas,  or  Dowson  gas. 

After  the  constituents  capable  of  absorption  have  been  re- 
moved, a  gas  residue  is  left  consisting  of  hydrogen^  methane, 
and  nitrogen;  the  two  former  constituents  are  determined  by 
combustion,  while  the  latter  is  always  determined  by  subtracting 
the  total  amount  of  other  gases  foimd  from  100  per  cent. 

For  a  combustion  analysis  the  unabsorbed  constituents  of  the 
gas  mixture  are  mixed  with  air,  or  oxygen,  in  more  than  sufficient 
amount  to  ensure  complete  combustion,  and  burnt  in  a  suitable 
apparatus;  the  amoimt  of  combustible  gas  is  determined  by 
measuring  the  contraction,  the  amoimt  of  carbon  dioxide  formed, 
and  the  excess  of  oxygen. 

Finally,  if  the  gas  evolved  by  means  of  a  chemical  reaction  is 
measured  and  from  the  volume  of  the  latter  the  weight  of  the  body 
producing  it  is  calculated,  we  have  made  use  of  what  is  called 
a  gas-volumetric  method.  (Cf.  Determination  of  Carbonic  and 
Nitric  Acids,  pp.  301  and  360.) 

Determination  of  the  Gases. 

Carbpn  Dioxide,  COj.     Mol.  Wt.  44. 

44  gms.  CO,  occupy  a  volume  of  22.391  liters  under  standard 
conditions.* 

Carbon  dioxide*  is  absorbed  to  a  considerable  extent  by  water; 
1  vol.  water  absorbs: 

At  0°  C 1.7967  c.c.  00, 

"15°C 1.0003    "      " 

"  20°  C 0.8843    "      *' 

*Cf.   page  554. 
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or  in  general^ 

a  =  1 .7967  -  0.07761  X  ^+  0.0016424X  «^ 

where  a  is  the  absorbed  volume  and  t  the  temperature  of  the  water* 
Absorbent. — Potassium  Hydroxide  Solviion  1:2. 
1  c.c.  of  caustic  potash  of  the  above  strength  will  absorb  at 

least  40  c.c.  of  CO,.    Sodium  hydroxide  solution  is  not  used  on 

account  of  the  difficult  solubility  of  sodium  bicarbonate. 

Small  amounts  of  CO,  may  be  absorbed  by  means  of  a  definite 

amount  of  standardized  BaCOH),  solution,  and  the  excess  of  the 

N 
latter  titrated  with  -^  HCl,  using  phenolphthaldn  as  indicator* 

(See  p.  475.) 

The  Heavy  Hydrocarbons. 

Ethylene  (Ethene),  CjH^;  Benzol,  C^H^;  Acetylene  (Ethine), 
CjHj. 

Ethylene,  C,H,.    Mol.  Wt.  28.04. 

28.04  gms.  of  ethylene  occupy  a  volume  of  22.391  liters  under 
standard  conditions. 

Absorption  Coefficient  for  Water. 

1  volume  of  water  absorbs  at 

0°  C 0.256  C.C.  C,H« 

15°  C 0.161  '*'      " 

20'  C 0.149    "      " 

or  in  general, 

a  =  0.25629  -  0.0091363U+  0.000188108^'. 

Alcohol  absorbs  more  ethylene;  the  general  formula  is 

a  =  3.594984  -  0.077162  •  t + 0.0006812  •  (». 

Absorbents. — 1.  Fuming  sulphuric  acid  *  (with  20  to  25  per 
cent.  SO,),  1  c.c,  absorbs  8  c.c.  of  C^H^.     2.  Bromine  water.f 


^ 


*  Ethionic  acid,  CjHaSjOy,  is  formed. 

t  Treadwell  aiLd  Stokee,  Berichte,  21  (1888),  p.  3131. 


« 
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Ammoniacal  cuprous  chloride  solution  will  also  absorb  ethy- 
lene. 

By  means  of  bromine,  the  ethylene  is  absorbed  with  the  for- 
mation of  ethylene  bromid?,  C^H^Br,.  If  the  absorption  is 
effected  with  a  titrated  bromine  water,  the  amount  absorbed 
can  be  determined  by  titrating  the  excess  of  bromin\  This 
excellent  method,  proposed  by  Haber,*  is  at  present  the  best 
known  for  the  determination  of  ethylene  in  the  presence  of 
benzol.     (See  p.  572.) 

Benzol  (Benzene),  C^H^.    Mol.  Wt.  78.06. 

78.06  gms.  of  benzol  vapor  occupy  a  volume  of  22.391  liters 
under  standard  conditions. 

Benzol  is  readily  soluble  in  alcohol,  ether,  carbon  bisulphide, 
caoutchouc,  ethylene  bromide,  bromine,  and  fimiing  sulphuric 
acid. 

Absorbents, — ^Fuming  sulphuric  acid  f  and  bromine  water  con- 
taining an  excess  of  bromine. 

Inasmuch  as  benzol  is  neither  brominated  nor  oxidized  by 
bromine  at  ordinary  temperatures,  it  was  difficult  to  under- 
stand why  bromine  water  should  absorb  it  quantitatively.  In 
fact,  Berthelot  %  and  CI,  Winkler  §  disputed  it,  but  the  results 
of  Treadwell  and  Stokes  ||  have  recently  been  confirmed  by 
Haber.  He  suggested  that  the  absorption  of  benzol  by  bromine 
w^as  of  a  purely  physical  nature,  and  M.  Korbulylf  has 
shown  that  such  is  the  case.  Just  as  bromine  can  be  removed 
from  aqueous  solution  by  shaking  with  benzol,  so  benzol  can  be 
removed  by  shaking  with  bromine,  or  even  ethylene  bromide  and 
other  like  solvents. 

By  ;neans  of  highly  concentrated  nitric  acid  (specific  gravity 
1.52)  benzol  is  also  absorbed;  this  solvent  cannot  be  used  in  the 

♦  Haber  and  Oechelhauser,  Berichte,  29,  p.  2700. 

t  Benzol  sulphonic  acid  is  formed,  CeHgSO,. 

X  Compt.  rend.,  83,  p.  1255. 

§  Zeitschr.  f.  anal.  Chem.,  1889.  p.  281. 

II  Treadwell  and  Stokes,  loc,  cit. 

^  Inaug.  Dissertation,  Zurich,  1902. 
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analysis  of  gases  oontaining  carbon  monoxide,  for  the  latter  is 
quantitatively  oxidized  to  carbon  dioxide  by  nitric  acid  of  this 
strength,  and  is  therefore  removed  with  the  benzol*  when  the 
acid  vapors  are  neutralized  by  caustic  potash  solution. 

Behavior  of  Benzol  to  Water. 

Benzol  vapors  are  absorbed  to  a  considerable  extent  by  water 
and  all  aqueous  salt  solutions,  a  circumstance  which  must  be 
considered  when  an  exact  gas  analysis  is  to  be  made. 

In  order  to  determine  how  tnuch  benzol  is  absorbed  by  water, 
M.  Korbuly  performed  the  following  experiments: 

Different  amounts  of  air  containing  3.16  per  cent,  of  benzol 
vapor  were  shaken  in  a  Drehschmidt's  pipette  with  the  same 
amount  of  water  (5  c.c.)  until  no  more  benzol  was  absorbed.  He 
obtained  the  following  results: 


Experiment. 

Gas  Taken  in  o.o. 

Per  Cent.  Benaol 

Present  by 

Volume. 

Amount  of  Bensol  Absorbed 

at  the  End  of  Three 

Minutes. 

1 
2 
3 
4 
5 
6 
7 

58.92 
61.14 
58.32 
50.86 
60.78 
50.88 
60.20 

3.16 
3.16 
3.16 
3.16 
3.16 
3.16 
3.16 

1.28  C.C. -2. 17% 
0.80  "  =1.31% 
0.52  '*  «0.89% 
0.44  "  «0.73% 
0.28  "  =0.46% 
0.08  '*  «0.01% 
0.02  "  «0.00% 

Potassium  hydroxide  behaves  similarly. 

In  the  analysis  of  a  mixture  of  carbon  dioxide  and  benzol, 
it  is  customary  to  first  remove  the  carbon  dioxide  by  means  of 
potassium  hydroxide  solution  and  then  the  benzol  with  fuming 
sulphuric  acid  or  bromine.  It  is  evident,  then,  that  both  of  the 
results  obtained  will  be  inaccurate  if  a  fresh  solution  of  potassium 
hydroxide  is  used  for  the  absorption  of  the  carbon  dioxide,  for 
this  will  absorb  not  only  the  whole  of  the  carbon  dioxide,  but  in 
many  cases  nearly  all  of  the  benzol.  Accurate  results  may  be 
obtained  by  using  a  solution  of  potassium  hydroxide  which  has 
been  saturated  with  benzol  vapors. 

II  I    ■  ■■-  I • " 

*  Treadwell  and  Stokes,  loc.  ciL 
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Acetylene,  CjH,.    Mol.  Wt.  26.02. 

26.02  gms.  acetylene  occupy  a  volume  of  22.391  liters  under 
standard  conditions. 

Acetylene  is  quite  soluble  in  water;  1  volume  of  water  at  the 
ordinary  temperature  absorbs  an  equal  volume  of  this  gas.  In 
amyl  alcohol,  chloroform,  benzol,  glacial  acetic  acid,  and  acetone 
it  is  much  niore  soluble;  thus  1  volume  of  acetone  absorbs  31 
volumes  of  acetylene.* 

Absorbents, — ^Fiuning  sulphuric  acid  f  and  bromine  water. 

By  means  of  ammoniacal  cuprous  chloride  solution,  acetylene 
is  absorbed  with  the  formation  of  red  copper  acetylide,  (Cu2C2H2)0. 
This  reaction  is  so  characteristic  that  it  is  used  for  the  qualitative 
detection  of  acetylene  in  gas  mixtures. 

This  test  is  best  performed  by  the  method  of  L.  Ilosvay  von 
Nagy  Ilosva.t 

Preparation  of  the  Reagent, — One  gram  of  copper  nitrate  (chloride 
or  sulphate)  is  placed  in  a  50-c.c.  measuring-flask  and  dissolved 
in  a  little  water.  To  the  solution  4  c.c.  of  concentrated  ammonia 
(20-21  per  cent.  NH,)  and  3  gms.  of  hydroxylamine  hydrochloride 
are  added,  and  the  liquid  is  shaken  until  it  becomes  colorless, 
when  it  is  inunediately  diluted  with  water  up  to  the  mark. 

The  Test, — ^A  few  cubic  centimeters  of  the  reagent  are  placed 
in  a  500-c.c.  glass-stoppered  cylinder,  and  the  gas  to  be  tested  for 
acetylene  (illuminating-gas)  is  passed  over  it  until  the  color  of 
the  reagent  becomes  pink.  The  cylinder  is  then  stoppered  and 
its  contents  thoroughly  shaken.  If  acetylene  is  present,  a  beautiful 
red  precipitate  is  immediately  formed.  Another  method  of  making 
the  test  is  to  pass  the  gas  through  a  small  bulb-tube  containing 
glass-wool  moistened  with  the  reagent. 

Remark, — If  the  reagent  is  placed  under  petroleum  it  can  be 
kept  for  about  one  week,  but  if  copper  wire  is  added  to  the  solution, 
it  can  be  kept  for  a  much  longer  time,  as  L.  Pollak  has  shown. 
Such  a  solution  gave  a  distinct  reaction  after  it  had  been  kept 

*  Hempel,  Gasanalytische  Methoden  (1900),  p.  206. 
f  Acetylene  sulphuric  acid  is  formed,  C2H4SO4. 
X  Berichte,  32  (1898),  p.  2698. 
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for  one  year,  but  the  precipitate  obtained,  instead  of  being  a  bright 
red,  was  more  the  color  of  sealing-wax.  The  solution  is  much 
less  permanent  when  it  is  prepared  from  the  chloride  or  sulphate, 
even  when  copper  is  added  to  it.  Without  the  copper,  the  chloride 
would  give  no  reaction  after  being  a  week  old,  and  with  the  addition 
of  copper  it  was  spoiled  at  the  end  of  two  weeks.  The  sulphate 
behaved  about  the  same. 

Separation  of  the  Heavy  Hydrocarbons  from  One  Another. 

It  has  been  attempted  repeatedly  to  separate  ethylene  from 
benzol,  but  usually  in  vain.  The  separation  as  proposed  by 
Berthelot,  of  absorbing  the  ethylene  with  bromine  water  and 
afterwards  removing  the  benzol  by  means  of  concentrated  nitric 
acid,  is  erroneous  in  every  respect.*  The  method  of  Harbeck 
and  Lunge  f  is  correct  in  principle  but  very  tedious,  and  the 
modification  of  Pfeiffer  J  always  gives  too  high  results.  Haber 
and  Oechelhauser,§  on  the  other  hand,  have  devised  a  method 
which  is  accurate  and  to  be  recommended. 

Principle. — In  one  portion  of  the  gas,  the  sum  of  the  ethylene 
and  benzol  is  determmed  by  absorption  with  bromine  water  or 
fiuning  sulphuric  acid,  while  in  a  second  portion  the  gases  are 
absorbed  in  titrated  bromine  water,  and  the  excess  of  the  latter 
is  determined  iodimetrically.  From  the  amoimt  of  bromine  re- 
quired the  ethylene  is  calculated: 

N 
1  c.c.  — 1  =  1.1196  c.c.  C2H4  at  0**  C.  and  760  nun.  pressure. 

As  this  analysis  is  performed  in  the  Bunte  burette,  it  will  not 
be  described  in  detail  until  we  have  become  acquainted  with  this 
important  form  of  apparatus.     (See  p.  606.) 

Oxygen,  O  =  16.    Mol.  Wt  32. 

32  gms.  oxygen  occupy  a  volume  of  22.391  liters  imder  standard 
conditions. 


*  TreadweU  and  Stokes,  loc.  cit. 
t  Zeitschr.  fiir  anorg.  Chem.,  XVI  (1898),  p.  26. 

}  J.  f.  Gasbeleuchtung  and  Wasserveraorgung,  1899,  p.  697,  and  Berichte, 
29,  p.  2700. 

S  Ibid,,  1896,  p.  804. 
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Oxygen  is  absorbed  by  water  only  to  a  slight  extent;  accord- 
ing to  the  experiments  of  L.  W.  Wnkler,*  Otto  Pettersson,  and 
K.  Sonden,t  1  liter  of  water  at  760  mm.  pressure  absorbs  from  the 
Atmosphere: 


At 


Air. 

o. 

N. 

Zr""'^' 

0**   

29.54 

10.01 

8.28 

7.90 

.  7.14 

19.53 
16.34 
15.58 
14.16 

33.88 

6®   

24.62 

33.60 

9.18** 

23.49 

33.60 

13. 70^ 

21.30 

33.51 

16.83*» 

•  ■•■••    •••• 

6.84 

23.64^ 

■  ••■••    •«#• 

5.99 

24.24*» 

•  •••••    •*•• 

5.91 

From  this  data  the  absorption  coefficient  for  pure  oxygen  in  water 
•can  be  calculated  to  be  0.034162  at  13.7**  C.  and  760  nmi.  pressure. 

Absorbenls, — ^Alkaline  pyrogallol  solution,  phosphorus  and 
<5hromous  chloride. 

The  alkaline  pyrogallol  solution  (Liebig)  is  prepared  by  mixing 
A  25  per  cent.,  aqueous  solution  of  pyrogallic  acid  with  five  or  six 
times  as  much  potassium  hydroxide  solution  (3:2).  1  c.c.  of  this 
solution  absorbs  12  c.c.  of  oxygen. 

At  a  temperature  of  15°  C,  or  higher,  the  absorption  takes 
place  quickly;  the  oxygen  in  100  c.c.  of  air  will  be  absorbed  in 
three  minutes  or  less. 

At  lower  temperatures  the  absorption  takes  place  less  readily 
and  at  0°  C.  the  above  quantity  of  oxygen  cannot  be  absorbed 
completely  in  half  an  hour. 

A.  pyrogallol  solution  of  the  above  concentration  will  not  evolve 
carbon  monoxide  during  the  absorption. 

The  absorption  of  oxygen  by  means  of  phosphorus  (Linde- 
mann)  takes  place  by  simply  allowing  the  gas  containing  the  oxygen 
to  remain  over  moist  phosphorus.  The  formation  of  white  clouds 
indicates  the  presence  of  oxygen,  and  their  disappearance  shows 
that  the  absorption  is  complete.  A  temperature  of  15  to  20®  C. 
is  best  suited  for  the  absorption. 

The  oxygen  is  completely  absorbed  at  the  end  of  three  min- 
utes from  100  c.c.  of  air  at  this  temperature.    At  lower  temper- 


♦  Berichte,  1888.  p.  2843. 
t  Ibid.,  18S9,  p.  1443. 
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atures  the  absorption  requires  more  time  and  at  0^  more  than  an 
hour  is  necessary. 

If  the  gas  contains  more  than  60  per  cent,  of  oxygen,  moist 
phosphorus  will  absorb  none  of  it  at  the  ordinary  atmospheric 
pressures.  In  this  case  the  gas  must  be  diluted  with  nitrogen  or 
hydrogen  until  a  mixture  is  obtained  containing  less  than  60 
per  cent,  oxygen,  or  the  gas  must  be  allowed  to  act  upon  the  moist 
phosphorus  under  diminished  pressure.  In  the  latter  case,  how- 
ever, the  phosphorus  easily  becomes  heated  enough  to  melt  it. 

Further,  oxygen  is  not  absorbed  by  moist  phosphorus  if  the 
gas  contains  traces  of  heavy  hydrocarbons,  ethereal  oils,  alcohol, 
or  ammonia.  According  to  Hempel*  0.04  per  cent,  of  ethylene, 
and  according  to  Haber  t  0.17  per  cent.,  suffices  to  prevent  com- 
pletely the  absorption  of  oxygen.  ' 

Determination    of    Absorbed    Oxygen    in    Water.    Method    of 

L.  W.  Winkler.t 

Principle, — If  water  containing  dissolved  oxygen  be  heated  in 
a  closed  vessel  with  manganese  hydroxide,  the  latter  is  oxidized 
to  manganous  acid  according  to  the  following  equation: 

Mn(OH),+  0  =  H,MnOa. 

The  amount  of  oxygen  taken  up  is  determined  iodimetrically  by 
adding  hydrochloric  acid  and  potassium  iodide  to  the  mangar 
nous  acid  and  titrating  the  liberated  iodine, 

H2Mn03+4HCl=MnCl,+  2H,0+Cl,  and  2KI+Clj=2KCl+I,. 

Hence  1  gm.-at.  1  =  8  gms.  =  11195.5  c.c.  oxygen  at  0®  C.  and 
760  mm.  pressure. 

Reagents  Required, — 1.  An  approximately  4N.MnCl^  soliUton 
obtained  by  dissolving  400  gms.  of  MnCl2+4H20  in  water  and 
diluting  to  1000  c.c.  The  manganese  chloride  must  be  free  from 
iron. 

*  Gasanalvtische  Methoden. 

t  Experimental-Untersuchung    uber   Zersetzungen   und   Verbrennungen 
von  Kohlenwasserstoffen,  Habilitationschrift,  Munich,  1896. 
J  Berichte,  21  (1888),  p.  2843. 
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2.  Sodium  Hydroxide  SoliUion  Ctmtaining  PotCLS^^  — On 
account  of  the  nitrite  usually  present  in  commercial  sodiiun 
hydroxide,  the  alkali  solution  is  prepared  from  sodium  car- 
bonate and  calcium  hydroxide.  The  clear  liquid  is  siphoned  off 
and  concentrated  in  a  silver  dish  until  its  specific  gravity  is  1.35. 
In  100  c.c.  of  this  solution,  10  gms.  of  potassium  iodide  are 
dissolved. 

A  portion  of  the  alkaline  potassium  iodide  solution  on  being 
acidified  with  hydrochloric  acid  should  not  immediately  turn 
starch  paste  blue>  and,  furthermore,  large  amounts  of  carbonate 
must  not  be  present. 

N 

3.  j^  Sodium  Thiosulphate  Solution. 

Procedure. — ^A  glass-stoppered  flask  of  about  250-c.c.  capacity 
is  taken  and  its  exact  capacity  is  determined  by  weighing  it  first 
empty  and  then  filled  with  water  at  17.5°  C.  If  the  water  to  be 
analyzed  is  saturated  with  air,  it  is  simply  poured  into  the  flask, 
otherwise  the  water  is  conducted  through  it  for  ten  minutes. 
Then,  by  means  of  a  pipette  reaching  to  the  bottom  of  the  flask, 
1  c.c.  of  the  alkaline  potassiiun  iodide  solution  is  introduced  and 
immediately  afterwards  1  c.c.  of  the  manganese  chloride  solution. 
The  flask  is  closed,  shaken,  and  allowed  to  stand  until  the  precip- 
itate has  settled.  Then,  by  means  of  the  long-stemmed  pipette, 
about  3  c.c.  of  concentrated  hydrochloric  acid  are  introduced  and 
the  contents  of  the  flask  once  more  shaken.  The  precipitate  dis- 
solves readily  with  liberation  of  iodide  and  the  latter  is  titrated 
with  sodium  thiosulphate  in  the  usual  way. 

Remark. — ^The  results  obtained  by  this  method  agree  closely 
with  those  obtained  by  boiling  the  water  as  described  on  p.  564. 

Carbon  Monoxide,  CO.    Mol.  Wt.  28. 

28  gms.  of  CO  occupy  a  volume  of  22.391  liters  imder  stand- 
ard conditions. 

The  gas  is  only  very  slightly  soluble  in  water;  according  to 
Bunsen  1  volume  of  water  absorbs  at 

5.8°  C 0.028636  c.c.  CO 

22.0°  C 0.022907    "     " 
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or,  in  general,  the  amount  dissolved  is 

a = 0.032874  -  0.0081632  •  i + 0.000016421  • « 

In  alcohol  the  gas  is  about  ten  times  more  soluble  than  it 
is  in  water. 

Its  determination  is  effected  either  by  absorption  or  by  com- 
bustion. 

AhsorbeTtis, — AmmoniacaL  Cwprous  Chloride,  200  gms.  of  com- 
mercial cuprous  chloride  are  shaken  in  a  closed  flask  with  a  solu- 
tion of  ammonium  chloride  (250  gms.  in  750  c.c.  water),  and  to 
every  three  volumes  of  this  mixture  1  vol.  of  ammonia,  specific 
gravity  0.91,  is  added.  In  order  that  the  solution  may  remain 
active,  a  spiral  of  copper  wire  is  introduced  into  the  flask  long 
enough  to  reach  from  the  bottom  up  to  the  stopper. 

1  c.c.  of  this  solution  will  absorb  16  c.c.  of  carbon  monoxide. 

Formerly  it  was  the  almost  universal  custom  to  absorb  this 
gas  by  means  of  a  hydrochloric  acid  solution  of  cuprous  chloride, 
but  to-day  this  is  not  done  on  account  of  the  following  reasons. 
The  absorption  of  carbon  monoxide  by  means  of  cuprous  chloride 
takes  place  according  to  the. following  equation: 

CujClj4-  CO  ^  CuA-CO. 

The  compound  CujCl^.CO  is  extremely  unstable  and  can  only 
be  formed  when  there  is  a  certain  pressure  exerted  by  the  carbon 
monoxide,  so  that  when  the  acid  solution  is  used  the  absorption  will 
never  be  quantitative.  Further,  if  a  gas  free  from  carbon  monoxide 
(nitrogen  or  hydrogen)  is  shaken  with  such  a  solution  after  it  has 
been  used  several  times,  a  part  of  the  CujCl^.CO  in  solution  will 
be  decomposed  according  to  the  above  equation  in  the  direction 
of  right  to  left,  until  the  partial  pressure  of  the  carbon  monoxide 
set  free  is  sufficient  to  restore  equilibrium.  Consequently  the 
volume  of  the  gas  will  appear  greater  after  it  has  been  treated 
with  the  cuprous  chloride  solution  than  it  was  originally. 

When  an  ammoniacal  cuprous  chloride  solution  is  employed, 
the  absorption  of  the  carbon  monoxide  is  almost  quantitative,  but 
after  such  a  solution  has  been  used  repeatedly  it  will  readily  give 
up  some  of  the  gas,  although  not  so  readily  as  is  the  case  of  the 
solution  of  cuprous  chloride  in  hydrochloric  acid  or  calcium  chlo- 
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Tide.*  It  is  advisable,  therefore,  to  adopt  the  suggestion  of  Dreh- 
schmidt,  and  first  absorb  the  greater  part  of  the  gas  by  means  of 
an  old  solution  of  cuprous  chloride,  afterwards  removing  the  last 
traces  by  means  of  a  freshly-prepared  solution,  or  one  which  has 
been  used  but  a  few  times. 

Besides  carbon  monoxide,  the  ammoniacal  cuprous  chloride 
solution  will  absorb  acetylene,  ethylene,  etc.,  so  that  these  gases 
must  be  removed  previously  by  means  of  fiuning  sulphuric  acid  or 
bromine  water. 

By  long  shaking  with  concentrated  nitric  acid  (specific  gravity 
1.5),  carbon  monoxide  is  completely  oxidized  to  carbon  dioxide, 
And  the  latter  can  be  removed  by  treatment  with  potassium 
hydroxide  solution.f 

Determination  of  Carbon  Monoxide  by  Combustion  with 

Air  or  Oxygen. 

The  following  reaction  shows  how  carbon  monoxide  may  be 
•determined  by  combustion: 

CO  4-  O  =  COj. 

2  Tola.       1  vol.        2  Tok. 

From  the  reaction  we  can  make  the  following  deductions: 

1.  The  difference  in  the  volume  of  the  gas  mixture  before  and 
after  the  combustion  is  for  2  vols.  CO;  3—2=1  and  for  1  vol. 
CO  =  i.  This  difference  is  designated  as  the  contraction.  The 
contrctction  caused  by  the  combustion  of  carbon  monoxide  is,  there" 
forCy  equal  to  half  the  original  volume  of  CO. 

2.  The  volum£  of  the  carbon  dioxide  formed  is  equal  to  the  volume 
of  the  carbon  monoxide  origirwUy  present,  [f.  then,  the  carbon 
dioxide  is  determined  by  absorption  with  caustic  potash,  the 
volume  of  the  carbon  monoxide  is  at  once  obtained,  provided  no 
other  combustible  gas  containing  carbon  is  present  at  the  same 
time. 


*  Cuprous  chloride  is  soluble  in  a  concentrated  solution  of  calcium  chlo- 
lide.     1  c.c.  of  this  solution  absorbs  12  to  15  c.c.  of  CO. 
t  Treadwell  and  Stokes,  Berichte.  21,  p.  3131. 
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3.  For  the  combustion  of  2  vols,  of  CO,  1  vol.  of  oxygen  is  neces- 
sary, and  consequently  the  amourd  of  oxygen  consumed  w  equal  to 
Ao//  Ihe  volume  of  the  carbon  monoxide. 


MeOiods  of  Effecting  the  Combustion. 

The  combustion  of  the  carbon  monoxide  can  be  carried  out  in 
several  different  ways: 

1.  By  explosion. 

2.  By  conducting  the  gas  over  glowing  palladium  or  platinum. 

3.  By  conducting  the  gas  over  copper  oxide. 

1.   Combustion    by    Explosion.  —  The   gas    is    mixed    with    a 
sufficient    amount    of    air   in    a    measuring   vessel,    such    as    is 
shown   in    Fig.   82,   and   the  latter  is   connected   by  means  of 
the   capilluy   E   with    the   Hempel's   explosion    pipette   shown 
in  Fig.  83.    The  gas  is  completely  driven  over  into  the  tatter 
so    that    the    capillary   is    entirely 
filled  with  mercury,  the  stop-cocks 
of  the  capillary  and  of  the  explo- 
sion pipette  are  both  closed,   and 
an  electric  spark  is  ir.ade  to  pass  be- 
tween the  two  platinum  points  which 
are  fused  into  the  glass  walls  of  the 
I  pipette;     this   inmiediately    causes 
an  explosion  to  take  place.     After- 
wards  the  gas  is  once  more  driven 
back   into   the   measuring   burette, 
and    its   volume   again   determined.     The   difference  in   volume 
before  and  after  the  explosion  represents  the  contraction. 

This  most  excellent  method  can  in  some  cases  lead  to  erroneous 
results.  In  practice,  it  is  almost  always  a  question  of  determining 
the  amount  of  combustible  gas  in  a  mixture  containing  nitrogen 
obtained  after  treatment  with  the  different  absorbents.  If  the 
amount  of  combustible  gas  present  is  too  small  in  proportion  to  the 
-  amount  of  non-contbuatible  gas,  there  will  be  no  combustion  what- 
soever; while  on  the  other  hand,  if  this  relation  is  too  large,  a  part 
of  the  nitrogen  will  be  burnt  to  nitric  acid  (hydrogen  is  usually 
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present).  According  to  Bunsen,  the  combustion  is  complete  when 
30  parts  of  combustible  gas  are  present  for  each  100  parts  of  non- 
combustible  gas.  CJonsequently,  if  the  explosion  method  is  to  be 
used  for  the  analysis,  the  approximate  composition  of  the  gas  must 
be  known. 

2.  Combustion  by  Conducting  the  Gas  over  Glowing  Palladium. — 
This  is  the  most  certain  of  all  methods  for  effecting  the  com- 
bustion, because  it  is  entirely  independent  of  the  proportion 
of  combustible  gas  present,*  and  there  is  no  danger  of  any  of  the 
nitrogen  being  oxidized.  The  combustion  is  best  effected,  as 
proposed  by  Drehschmidt,  by  passing  the  gas  through  a  thick- 
walled  platinum  capillary  tube  containing  three  palladium  wires. 
The  platinum  capillary  (Fig.  82,  V)  is  placed  between  the  gas 
burette  and  the  Drehschmidt  pipette  S  (Fig.  82),  and  it  is  heated 
by  means  of  the  non-luminous  flame  of  a  Teclu  burner.  The 
gas  is  repeatedly  passed  through  the  glowing  capillary  until  there 
is  no  further  diminution  in  volume,  showing  the  combustion  to 
be  complete.  There  is  no  danger  to  be  feared  from  explosions 
even  when  pure  detonating  gas  is  passed  through  the  platinum 
tube,  and  by  this  method  CO,  H,  and  CH^  are  completely  oxidized. 
In  the  analysis  of  gases  containing  only  small  amounts  of  the 
above  gases  (e.g.  exhaust  gases  from  gas-motors)  the  so-called 
fractional  combustion  is  employed.  By  this  means  either  hydrogen 
and  carbon  monoxide  are  oxidized  while  methane  is  not,  or  car- 
bon monoxide  is  alone  burned. 

Fractional  Combustion.  —  If,  according  to  Haber,t  an  abso- 
lutely dry  gas  mixture,  consisting  of  considerable  nitrogen 
and  oxygen  with  little  carbon  monoxide,  hydrogen,  and 
methane,  is  slowly  conducted  (at  the  rate  of  about  700- 
800  c.c.  per  hour)  through  a  glass  U  tube  3  mm.  in  diam- 
eter  which  contains  a  palladium  wire  55  cm.  long,  folded  into 
three  lengths  of  about  18  cm.,  then  if  the  temperature  of  boiling 
sulphur  is  maintained,  the  hydrogen  and  carbon  monoxide  will 
be  completely  burned,  while  methane  will  escape  from  the  tube 


*  It  is  only  necessary  to  make  sure  that  a  large  excess  of  oxygen  is  pree- 
ent  (cf.  Hempel,  Zeitschr.  f.  anorg.  Cliem.,  XXXI  (1902),  p.  447. 
t  Loc.  cit. 
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in  an  unchanged  condition.  By  connecting  the  U  tube  with  a 
weighed  calcium  chloride  tube  and  then  with  two  weighed  soda- 
lime  tubes  (see  p.  298)  the  increase  in  the  weight  of  the  former 
will  show  the  amount  of  water  formed  from  the  hydrogen,  and 
the  gain  in  weight  shown  by  the  soda-lime  tubes  corresponds  to 
the  amount  of  carbon  dioxide  formed  from  the  carbon  monoxide. 
If,  after  passing  through  the  soda-lime  tubes,  the  gas  is  passed 
through  a  combustion-tube  filled  with  platinized  asbestos,  or 
copper  oxide,  which  is  heated  to  a  dark-red  heat,  the  methane 
is  quantitatively  burned  to  water  and  carbon  dioxide;  the  former 
is  absorbed  in  a  calcium  chloride  tube  and  the  latter  in  two  soda- 
lime  tubes,  all  three  tubes  being  weighed  before  the  gas  is  passed 
through  them.  In  this  way  a  check  is  obtained  upon  the  accuracy 
of  the  determination,  for  the  proportion  of  carbon  to  hydrogen 
foynd  should  be  1:4. 

The  combustion  of  carbon  monoxide  alone  from  a  mixture 
of  this  gas  with  hydrogen,  methane,  and  air  can  be  effected  satis- 
lactorily  as  follows: 

After  the  gas  has  been  freed  from  CO,,  unsaturated  hydrocarbons, 
and  aqueous  vapor,  it  is  conducted  through  a  U  tube  *  containing 
66-70  gms.  of  pure  iodine  pentoxide  t  heated  to  160°  C;  by  this 
means  the  carbon  monoxide  is  alone  oxidized  with  liberation  of 
iodine  according  to  the  equation 

IA+5CO-5C03+l3.t 

If  the  gas  is  now  conducted  through  two  P^ligot  tubes  containing 

potassium  iodide  solution,  the  iodine  will  be  absorbed  and  can 

N 
be  titrated  at  the  end  of  the  experiment  with  —  sodium  thiosulphate 

solution. 

N 
1  c.c.  -^  NajSaOj  solution  corresponds  to  5.6  c.c.  CO,  measured 

under  standard  conditions. 


*  The  U  tube  is  heated  in  a  small  paraffin  bath. 

t  Iodine  pentoxide  is  prepared  by  heating  iodic  acid  in  a  current  of  dry 
air  at  180°  until  the  water  is  completely  removed. 

\  Nicloux,  Compt.  rend.,  126,  p.  746,  and  Kinnicutt,  Joum.  of  the  AnL. 
Chem.  Soc,  XXII,  p.  14. 
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If,  after  the  carbon  dioxide  and  water  have  once  more  been 
removed  from  the  gas,  it  is  passed  through  a  combustion-tube 
half  filled  with  copper  oxide  and  half  with  platinized  asbestos, 
both  heated  to  dark  redness,  the  hydrogen  and  methane  will 
be  completely  burned  to  water  and  carbon  dioxide,  which 
can  be  absorbed  and  weighed  as  before.  From  the  amounts  of 
each,  the  hydrogen  and  methane  present  in  the  gas  can  be  calcu- 
lated. 


QuaHtative  Detection  of  Traces  of  Carbon  Monoxide  in  the  Air. 

If  blood  be  diluted  with  water  until  the  solution  shows  only  a 
slight  red  color,  it  will  give  a  characteristic  absorption  spectrum; 
two  dark  absorption  bands  appear  between  the  D  and  E  lines. 
If  to  this  dilute  blood  solution  a  few  drops  of  a  concentrated^ 
freshly-prepared  ammonium  sulphide  are  added,  the  dark  bands 
disappear,  and  instead  a  single  broad  band  will  appear  at  a  place 
between  the  positions  of  the  previous  bands.  Blood  containing 
carbon  monoxide  behaves  quite  differently.  When  the  latter  gas  is 
present,  the  blood  takes  on  a  rose  color  and  the  solution  gives 
almost  the  same  absorption  spectrum  as  pure  blood  (the  bands 
shift  slightly  toward  the  violet)  but  in  this  case  the  tvx>  bands 
do  not  disappear  on  the  addition  of  ammonium  sulphide. 

To  detect  traces  of  carbon  monoxide  in  the  air,  Vogel  directs 
that  a  100-c.c.  bottle,  filled  with  water,  be  emptied  in  the  room 
containing  the  gas,  and  that  2  to  3  c.c.  of  blood,  highly  diluted 
with  water,  and  showing  only  a  very  faint  red  color  (although 
still  giving  the  blood  spectrum  in  a  coliunn  as  thick  as  a  testrtube) 
be  poured  into  the  bottle  and  shaken  for  some  minutes.  To  the 
solution  a  few  drops  of  ammonium  sulphide  solution  are  added 
and  the  liquid  is  examined  by  means  of  the  spectroscope.  If 
the  two  bands  are  now  visible,  carbon  monoxide  is  present.  Ac- 
cording to  Vogel  as  little  as  0.25  per  cent,  of  CO  can  be  detected 
in  this  way. 

Hempel  has  improved  this  method  to  a  marked  degree.  He 
found  that  it  was  not  possible  to  completely  remove  small 
amounts  of  carbon  monoxide  by  shaking  with  the  dilute  solution 
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of  blood,  and  furthermore  concentrated  blood  solutions  could  not 
be  used  because  they  foam  so  much.  By  using  a  living  animal,  its 
lungs  furnish  a  better  means  of  absorption,  for  the  gas  then 
comes  in  contact  with  undiluted  blood.  A  mouse  is  placed 
between  two  funnels  which  are  joined  together  by  means  of  a 
broad  band  of  thin  rubber  and  the  gai  to  be  tested  is  passed 
through  the  funnels  at  a  speed  of  ten  liters  per  hour.  At  the 
end  of  two  or  three  hours  the  mouse  is  killed  by  inunersing 
the  funnels  in  water  and  a  few  drops  of  its  blood  are  taken  from 
the  r^ion  near  the  heart.  In  this  way  Hempel  was  able  to  detect 
with  certainty  as  little  as  0.032  per  cent.  CO.  With  such  small 
amounts  of  CO  the  live  mouse  showed  no  symptoms  of  poisonini^; 
this  was  first  apparent  when  0.06  per  cent,  of  the  gas  was 
present.  In  the  latter  case  after  half  an  hour  the  mouse  breathed 
with  difficulty  and  lay  exhausted  on  its  side. 

Potain  and  Drouin  detect  small  amounts  of  carbon  monoxide 
by  passing  the  gas  through  a  dilute  solution  of  palladous  chloride, 
when  metallic  palladium  is  precipitated: 


PdCl,4-CO-fH,0=2HCl+CO,+Pd. 

The  solution  is  decolorized,  or  turns  a  pale  gray,  when  large 
amounts  of  CO  are  present,  but  appears  a  Ught  yellow  in  color 
when  only  traces  are  present. 

In  order  to  estimate  better  the  decrease  in  color,  Potain  and 
Drouin  filter  off  the  deposited  palladium  and  compare  the  color 
of  the  filtrate. 

For  the  detection  of  small  amounts  of  carbon  monoxide,  C. 
Winkler  recommends  a  method  which,  as  the  author  has  foimd, 
will  often  lead  to  error.  According  to  Winkler,  the  gas  to  be  tested 
is  conducted  through  a  solution  of  cuprous  chloride  in  a  saturated 
solution  of  sodium  chloride,  afterwards  diluting  with  four  to  five 
times  as  much  water,  causing  the  precipitation  of  snow-white 
cuprous  chloride.  If  this  turbid  solution  is  treated  with  a  drop 
of  sodium  palladous  chloride,  a  black  precipitate  of  metallic 
palladium  is  obtained.  Unfortunately,  however,  the  palladium 
is  often  precipitated  even  in  the  absence  of  a  trace  of  carbon 


monoxide;  for  cuprous  chloride  itself  will  readily  reduce  salts  of 
palladium. 

It  is  true,  on  the  other  hand,  that  at  a  definite  concentration 
the  reduction  of  the  palladous  chloride  is  only  effected  by  means 
of  carbon  monoxide,  but  it  is  difficult  to  always  obtain  the  right 
conditions,  and  herein  lies  the  inaccuracy  of  the  method.  If  the 
solution  be  too  concentrated  with  respect  to  sodium  chloride,  even 
large  amounts  of  carbon  monoxide  will  fail  to  precipitate  a  trace 
of  palladium,  because  in  that  case  the  solution  contains  not 
only  copper  but  also  palladium  in  the  form  of  complex  sodium 
salts: 

[CujClJNaj  and  [PdClJNa,. 

The  sodium  palladous  chloride  is  not  reduced  by  carbon  mon- 
oxide and  there  is  even  less  likelihood  of  the  two  sodium  salts  acting 
upon  one  another.  If  the  solution  be  diluted  with  water,  both 
salts  break  down  according  to  the  equations 

[CujClJNa,  ?±  2NaCl4-Cu,Cl^ 
[PdCl  JNa^  2NaCl + PdCl,, 

and  only  when  the  palladium  is  in  the  ionic  condition  is  it  capable 
of  entering  into  the  reaction.  The  fact  that  the  reduction  of  the 
palladous  chloride  is  effected  by  means  of  CO  at  a  concentration 
at  which  CujCl,  is  incapable  of  causing  any  reduction  is  easy  to 
understand,  for  the  gas,  CO,  comes  in  contact  more  readily  with  a 
sufficient  number  of  palladium  ions  than  does  the  difficultly  soluble 
cuprous  chloride. 

Hydrogen,  H.    Mol.  Wt.  2.016. 

2.016  gms.  hydrogen  occupy  a  volume  of  22.391  liters  under 
standard  conditions. 

Hydrogen  is  practically  insoluble  in  water.  The  usual  way  for 
determining  this  gas  by  absorption  is  by  means  of  metallic  palla- 

*  The  absorption  can  also  be  accomplished  very  satisfactorily  by  means 
of  a  one-per  cent,  solution  of  palladous  chloride.  Campbell  and  Hart,  Am. 
Chem.  J. ,  1 8,  294.— {Translator.] 
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diuin;*  but  in  the  majority  of  cases  it  is  detennined  by  com- 
bustion with  oxygen  and  observing  the  contraction: 

H,     +     O     =     H,0 

2  vols.  1  ToL  0  ToL 

It  is  evident  that  by  the  combustion  of  two  volumes  of  hydro- 
gen, three  volumes  of  gas  will  disappear  (the  water  formed  occupies 
a  negligible  volume).  The  contraction,  therefore,  is  equal  to  f  the 
volume  of  the  hydrogen  consumed.  If  the  contraction  is  denoted 
by  Vc  and  the  volume  of  the  hydrogen  by  Fh,  then 

and  consequently 

In  many  cases  the  weight  of  the  water  formed  is  determined 

by  absorbing  the  latter  in  weighed  calcium  chloride  tubes,  and 

from  the  gain  in  weight  the  voliune  of  hydrogen  is  computed  as 

follows: 

18.02:22,391 =p:x, 

22  391 
«=-Y^-^Xp=1242.5Xp  c.c.  hydrogen  under  standard  conditions^ 

Combustion  of  Hydrogen,  according  to  CI,  Winkler. 

The  following  method  is  employed  frequently  in  technical 
analyses  for  the  separation  of  hydrogen  from  methane. 

A  mixture  of  hydrogen  and  air  is  conducted  over  gently-ignited 
palladiiun-asbestos,  by  which  means  the  hydrogen  is  quantita- 
tively burned  to  water  and  the  methane  is  not  affected.  Fig.  84 
represents  the  apparatus  required.  A  is  the  eudiometer  and  is 
connected  by  means  of  the  capillary  E,  in  which  is  found  a  short 
fibre  of  palladium-asbestos,  with  a  Hempel  pipette  filled  with  water. 

The  capillary,  E,  is  heated  by  means  of  the  small  flame  F,  at 
the  place  where  the  palladiiun-asbestos  rests,  to  a  temperature  of 
about  300  to  400°,  but  not  hot  enough  to  soften  the  glass.  After 
the  gas,  which  is  mixed  with  air,*  has  been  passed  back  and  forth 

*  If  oxygen  Is  used  instead  of  air,  the  combustion  of  the  methane  ib 
incomplete.    Cf.  O.  Brunck,  Zeit.  f.  angew.  Chem.,  1903,  p.  195. 
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through  the  capillary  three  times,  the  combustion  is  complete.  If 
the  above-specified  temperature  b  not  exceeded,  no  trace  of  meth- 
ane will  be  burned  and  the  hydrogen  deteimination  will  be  accu- 


rate. It  b,  however,  difficult  to  regulate  this  temperature  closely 
enough  to  prevent  the  combustion  of  some  methane  unless,  as 
recommended  by  Haber,  the  tube  is  heated  by  means  of  sulphur 
vapor;  the  results  are  usually  from  0.5  to  1  per  cent,  too  high. 

Preparation  of  PaUadium-a^>eslos. — Three  gms.  of  sodium 
palladous  chloride  are  dissolved  in  as  little  water  as  possible, 
3  c.c.  of  a  cold  saturated  solution  of  sodium  formate  are  added 
and  enough  sodium  carbonate  solution  to  make  the  solution 
alkaline.  Then  about  1  gm.  of  soft,  long-fibred  asbestos  is 
added,  which  sucks  up  the  whole  of  the  liquid,  and  the 
mixture  is  dried  on  the  water  bath;  by  this  means  finely- 
divided  palladium  is  deposited  uniformly  through  the  asbestos: 

Na,PdCl. + HCOONa  -  3NaCl  +  HCl  +  CX3j + Pd. 
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The  hydrochloric  acid  formed  by  the  above  reaction  is  neutral- 
ized by  the  sodium  carbonate.  In  acid  solutions  formic  acid 
hardly  reduces  palladous  chloride  at  all. 

After  the  asbestos  has  thoroughly  dried,  the  mass  is  softened 
with  hot  water,  placed  in  a  funnel  and  washed  with  hot  water 
until  the  soluble  salt  is  completely  removed.  It  is  then  dried 
once  more  and  preserved  in  a  well-stoppered  bottle. 

The  palladium-asbestos  fibre  is  introduced  into  the  capillary 
tube  as  follows:  The  fibre  is  rolled  between  the  fingers  to  a  little 
round  wad,  the  latter  is  placed  in  the  opening  of  the  unbent  capil- 
lary tubing  and  by  gentle  tapping  upon  the  table  it  is  made  to  pass 
along  to  the  centre  of  the  tube.  The  latter  is  then  bent  as  shown 
in  the  figure. 

Methane/CH^.    Mol.  Wt.  16.04. 

lp.04  gms.  of  methane  occupy  a  volume  of  22.391  liters  under 
standard  conditions. 

Methane,  also  called  marsh-gas  or  fire  damp,  is  only  slightly 
soluble  in  water.  According  to  Bunsen,  1  volume  of  water  absorbs 
at  0®  C.  only  0.05  volume  of  methane,  or  in  general: 

a  =  0.05449  -  0.001 1807  •  i  4-  0.000010278  •  i*. 

In  alcohol,  the  gas  is  about  ten  times  as  soluble  as  it  is  in  water. 
Inasmuch  as  no  satisfactory  absorbent  for  methane  is  known, 
it  is  always  determined  by  combustion. 

From  the  equation  representing  the  combustion, 

CH4  4-20j=COj4-2HA 

2  vols. +4  vols.      2  volfl.     0  vol. 

we  can  make  the  following  deductions: 

1.  Contraciion. — The  contraction  caused  by  the  combustion 
of  methane  is  equal  to  twice  its  original  volume. 

2.  Carbon  Dwxide. — By  the  combustion  of  methane  an  equal 
volume  of  carbon  dioxide  is  produced. 

3.  Oxygen  Consumed. — For  the  combustion  of  one  volume  of 
methane  two  volumes  of  oxygen  are  necessary. 
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Analysis  OF  Illuminatiho  and  Producer  Gases. 

The  analysis  of  all  such  gases  is  best  perf onned  either  by  the 
method  of  Hempel  *  or  that  of  Drehschmidt.t 


Hempel's  Method. 

Hempel's  apparatus  is  shown  in  Fig.  82.  It  consists  of  a 
eudiometer,  W,  divided  into  \  c.c.  and  connected  by  means 
of  rubber  tubing  with  the  levelling-bulb  K.  The  eudiometer  is 
also  connected  with  the  compensation-tube  D  and  the  latter  is 
connected  with  a  manometer  C;  both  the  tubes  W  and  D  are  sur- 
rounded by  a  cylinder  containing  water. 

Calibration  of  the  Apparatus. — First  of  all  the  manometer-tube  is 
fiUed  with  mercury  by  raising  the  levelling-bulb  K  with  the  stop- 
cock p  in  the  position  shown  in  Fig.  82,  so  that  there  is  an  open 
connection  between  W  and  c;  the  mercury  is  allowed  to  pass  over 
into  C  until  the  mark  mm  is  reached.  The  volume  of  the  ma- 
nometer-tube from  the  mark  m  to  the  point  a  (Fig.  82)  is  now 
determined  as  follows: 

By  carefully  lowering  the  bulb  K  the  mercury  is  drawn  over 
into  C  exactly  to  the  point  a  when  the  stop-cock  p  is  closed.  A 
little  air  is  allowed  to  enter  into  the  eudiometer  through  the  right- 
hand  capillary  tube  above  p  (the  tube  E  should  be  withdrawn  as 
in  Fig.  85),  the  levelling-bulb  K  b  placed  upon  a  solid  support  at 
about  the  sama  height  as  the  mercury  in  TF,  and  with  the  stop- 
cock p  still  open  the  position  of  the  mercury  in  W  is  read.  The 
stop-cock  is  closed,  K  is  raised  a  little  and  p  is  turned  to  the 
position  shown  in  Fig.  82.  By  raising  K  still  higher,  the  air 
is  driven  over  into  the  manometer-tube  C  until  the  mercury  has 
exactly  reached  the  mark  m,  when  the  stop-cock  A  {Fig.  82)  is 
closed.  The  exact  position  of  the  mercury  is  then  adjusted  by 
turning  the  stop-cock  p  one  way  or  the  other,  and  the  position 
of  the  mercury  in  W  is  once  more  read.    The  difference  between  the 

*  Gasanalytische  Methoden  (1900),  p.  48  ff. 
t  Berichte,  21,  p.  3242  (1888). 
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two  readings  represents  the  vohime  of  Uie  tube  betwem  the  maifcs 
m  and  a,  an  amount  which  must  be  added  to  all  subsequent 
readings. 

A  drop  of  wat«r  is  now  introduced  at  c,  by  means  of  a  fina 


pipette,  into  the  compensation-tube  D  and  the  end  of  the  tube  e 
is  either  fused  together,  or  closed  with  a  cork  stopper  and  made 
air-tight  with  sealing  wax. 

Procedure  for  (he  Analyais. — If  the  analysis  is  to  be  carried 
out  on  the  spot,  a  large  sample  of  the  gas  is  collected  in  a  Dreh- 
schmidt  pipette  (Fig.  82,  S).  To  accomplish  this  the  capillary 
tube  E"  is  connected  by  means  of  nit)ber  tubing  with  the  source 
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of  the  gas,  and  the  stop-cock  M  is  turned  so  that  tne  tube 
E'  is  in  connection  with  the  bulb  of  the  pipette,  the  levelling-bulb 
being  in  a  low  position  and  the  stop-cock  a  left  open.  The  pipette 
is  entirely  filled  with  the  gas,  then  the  stop-cock  M  is  turned 
«o  that  it  communicates  with  the  outer  air,  and  the  gas  is  com- 
pletely expelled  from  the  pipette.  The  gas  is  in  this  way  drawn 
in  and  out  of  the  pipette  at  least  three  times  in  order  to  make  sure 
that  all  foreign  gas  (air)  is  removed  from  the  rubber  tubing.  The 
■sample  of  gas  is  then  taken  and  the  two  stop-cocks  M  and  s  are 
closed. 

In  order  to  bring  the  gas  to  be  tested  from  the  Drehschmidt 
pipette  into  the  eudiometer,  the  two  instruments  are  connected 
by  means  of  the  capillary  E'  (imagine  the  capillary  E  in  Fig.  82 
to  be  replaced  by  E')  and  the  rubber  connections  are  firmly 
wired  to  the  glass.  The  stop-cock  M  is  turned  to  the  posi- 
tion shown  in  Fig.  82,  the  levelling-bulb  K  is  raised  (after 
previously  causing  the  mercury  in  the  manometer-tube  to  reach 
to  the  point  a)  and  the  burette  is  entirely  filled  with  mercury 
until  the  latter  begins  to  flow  from  out  of  the  tip  of  the  key  at 
M,  when  the  cocks  A  and  p  are  closed.  The  cock  M  is  then 
turned  so  that  the  pipette  S  and  the  burette  W  are  in  con- 
nection, K'  is  raised,  s  opened,  K  lowered,  and  both  p  and  A  are 
opened. 

After  about  40  c.c.  of  the  gas  have  passed  over  into  the 
audiometer,  the  cocks  A  and  M  are  closed,  the  key  of  the  stop- 
cock M  (which  must  be  entirely  filled  with  mercury)  is  dipped 
into  a  beaker  containing  mercury,  and  the  gas  in  the  capillary  is 
sucked  into  W  by  lowering  K  and  opening  A  and  p.  As  soon  as 
the  capillary  E  is  entirely  filled  with  mercury,  A,  p  and  finally  M 
are  closed. 

The  volume  of  the  gas  in  W  is  now  determined  as  follows: 
A  is  opened  and  K  raised  so  that  the  mercury  in  the  bulb  is  a 
little  higher  than  it  is  in  W.  After  this  p  is  opened  and 
the  gas  is  driven  over  towards  C  until  the  mercury  in  both 
arms  of  the  manometer-tube  is  at  about  the  same  height, 
when  A  is  immediately  closed.  The  last  fine  adjustment  of  the 
mercury  levels  within  the  tubes  is  made  by  closing  or  opening 
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the  screw-cock  Q;*  the  volume  is  now  read,  and  to  the  reading 
the  correction  corresponding  to  the  volume  between  the  marks. 
M  and  a  is  added. 

From  this  point  b^ins  the  analysis. 

X.  Determination  of  Carbon  Dioxide. 

With  the  stop-cock  p  closed,  the  cock  M  is  turned  as 
shown  in  Fig.  82,  the  Drehschmidt  pipette  is  removed  and 
replaced  by  a  second,  clean  pipette  completely  filled  with 
mercury.  On  connecting  the  stop-cock  M  with  the  rubber 
connector  of  the  capillary  £',  it  shoidd  be  in  the  position 
shown  in  the  drawing.  By  this  means  the  mercury  in  the 
rubber  tubing  can  flow  out  through  the  key.  After  wiring 
the  rubber  ti^^htly  to  the  glass,  from  3  to  5  c.c.  of  caustic 
potash  solution  (1:2)  are  introduced  through  the  key  into  the 
pipette  M  and  the  alkali  in  the  capillary  is  washed  out  with 
about  2  c.c.  of  distilled  water  and  then  with  a  little  mercury; 
after  this  the  gas  itself  is  driven  over  into  the  pipette.  When 
the  mercury  has  filled  the  whole  capillary,  both  to  the  right  and 
left  of  M,  then  A,  p,  and  M  are  closed.  The  bulb  K'  is  raised  so 
that  extra  pressure  is  placed  upon  the  gas  in  the  pipette  and  s  is 
closed.  The  pipette  is  now  gently  shaken  for  three  minutes  with- 
out disconnecting  it  from  the  eudiometer,  after  which  the  gas  is 
returned  to  IV  as  follows :  M,  p,  and  A  are  opened,  K  is  lowered,  K' 
raised,  and  s  opened.  When  almost  all  of  the  gas  has  been  driven 
out  of  the  pipette,  M,  p,  A,  and  Q  are  closed,  the  levelling-bulb 
is  placed  on  the  table  below,  and  K'  is  placed  upon  the  support 
(missing  from  Fig.  82,  but  shown  in  Fig.  86)  upon  which  the  pi- 
pette itself  rests.  M^p^  A^  and  a  are  now  opened  and  Q  screwed  up 
a  little  so  that  the  gas  is  very  slowly  sucked  into  the  burette. 
As  soon  as  the  caustic  potash  solution  has  reached  M  the  latter 
is  closed.  The  gas  remaining  in  the  capillary  to  the  left  of 
M  is  now  removed  by  sucking  mercury  through  the  key  of  M 
into  W.    Finally  the  volume  of  the  unabsorbed  gas  is  read  in  the 

*  The  reading  is  best  made  with  the  help  of  a  small  telescope,  the  ocular 
of  which  is  provided  with  cross-hairs.  For  this  purpose  the  telescope  con- 
nected with  a  Bunsen  spectroscope  is  suitable. 
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same  way  as  before.    The  difference  between  the  two  readings 
represents  the  amount  of  CO^. 

2.  Determination  of  the  Heavy  Hydrocarbons. 

The  pipette  containing  the  caustic  potash  solution  is  removed 
and  replaced  by  another  containing  fuming  sulphuric  acid.*  The 
gas  is  driven  over  into  the  latter,  shaken  with  the  acid  for  three 
minutes,t  and  the  pipette  emptied  in  precisely  the  same  way  as 
before.  The  gas  is  now  returned  to  the  pipette  containing  the 
caustic  potash  in  order  to  remove  the  acid  vapors,  and  finally  trans- 
ferred to  the  burette  W  and  its  volume  read.  The  difference 
before  and  after  the  treatment  with  fuming  sulphuric  acid  repre- 
sents the  sum  of  the  heavy  hydrocarbons  (C2H4,  CeH^,  CjH,,  etc.). 
It  is  not  usually  customary  to  attempt  to  separate  the  benzol 
from  the  ethylene. 

3.  Determination  of  Oxygen. 

This  part  of  the  analysis  is  carried  out  in  exactly,  the  same  way 
as  the  determination  of  the  CO,,  except  that  in  this  case  the  absorp- 
tion pipette  contains  an  alkaline  solution  of  pyrogallol  (cf.  p.  573). 

4.  Determination  of  Carbon  Monoxide. 

The  determination  of  carbon  monoxide  may  be  effected  either 
by  absorption  with  ammoniacal  cuprous  chloride  or  by  simul- 
taneous combustion  with  hydrogen  and  methane. 

For  the  absorption  method,  the  procedure  is  the  same  as  in 
the  case  of  the  determination  of  the  heavy  hydrocarbons,  i.e.,  the 
absorption  is  effected  in  a  pipette  containing  only  ammoniacal 
cuprous  chloride  (no  mercury).  The  gas  is  shaken  for  three 
minutes  with  a  solution  of  cuprous  chloride  which  has  already 
been  used  frequently,  and  then  the  same  length  of  time  with  a  fresh, 


*  In  this  pipette  the  bulb-tube  K^  is  fused  on  to  the  absorption-bulb, 
so  that  it  is  a  little  higher  than  the  latter,  in  the  same  way  as  in  the  Hempel 
pipette  (Fig.  87).     Mercury  is  acted  upon  by  fuming  sulphuric  acid. 

t  From  the  experience  of  the  Massachusetts  Gas  Inspectors  it  would  seem 
as  if  more  time  were  necessary  for  the  complete  absorption  of  the  heavy 
hydrocarbons — perhaps  thirty  minutes  instead  of  three. — [Translator.] 
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or  little  used,  solution  (cf.  p.  576).  Before  reading  the  volume 
of  the  unabsorbed  gas  it  must  be  freed  from  ammonia  vapors, 
which  is  accomplished  by  shaking  with  hydrochloric  acid  (1:2) 
in  a  Drehschmidt  pipette. 

5.  Determination  of  Hydrogen  and  Methane. 

After  the  removal  of  the  carbon  monoxide,  the  gas  may  con- 
sist of  hydrogen,  methane,  and  nitrogen.  An  excess  of  oxygen 
is  added  to  this  mixture  (with  illuminating-gas  twice  its  volume 
is  added,  while  with  Dowson,  water,  and  producer  gas  only  a 
little  more  than  half  as  much  oxygen  is  necessary).  The  eudiom- 
eter W  is  connected  with  a  Drehschmidt  pipette  entirely  filled 
with  pure  mercury  *  by  means  of  a  Drehschmidt  platinum  capil- 
lary (Fig.  82,  V)y  and  the  latter  is  heated  to  bright  redness 
with  the  non-luminous  flame  of  a  Teclu  burner,  taking  care 
that  the  inner  flame  mantle  does  not  come  in  contact  with  the 
platinum.  The  gas  mixture  is  conducted  three  times  in  a  slow 
stream  through  the  hot  platinum  tube,  but  taking  care  that  no 
mercury  enters  the  latter.  The  volume  of  the  unconsumed  gas 
is  then  measured  without  removing  the  platinimi  capillary,  and 
the  carbon  dioxide  is  detenliined  by  introducing  some  caustic 
potash  into  the  pipette  and  then  shaking  the  gas  with  it;  after 
three  minutes'  shaking,  the  unabsorbed  gas  is  returned  to  the  eudi- 
ometer, closing  the  stop-cock  M  as  soon  as  the  caustic  potash 
solution  reaches  it. 

Calculation  of  Hydrogen  and  Methane. 

Assume  V  c.c.  of  gas  to  be  taken  for  the  analysis.  The 
residue  remaining  after  the  absorption  of  the  COj,  CnHjn,  O,  and 
CO  was  mixed  with  oxj'gen  and  burned.  The  contraction  pro- 
<luced  was  Vc  and  the  CO  formed  amounted  to  V^. 

We  saw  on  p.  586  that  the  volume  of  the  methane  is  equal 


*  There  must  be  no  trace  of  caustic  potash  in  the  pipette,  because  in 
that  case  CO,  would  be  absorbed  and  an  inaccurate  result  would  be  obtained. 
To  make  sure  that  all  the  alkali  is  removed,  the  pipette  is  washed  first  with 
water,  then  with  hydrochloric  acid,  and  finally  with  water  once  more. 
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to  the  volume  of  the  CO,  formed,  Vk,  and  in  per  cent. ; 

7:7x=100:x 

x= 1^100= per  cent.  CH4. 

Since  by  the  combustion  of  one  volume  of  CH4  two  volimies 
of  gas  disappear,  it  is  evident  that  by  the  combustion  of  Vjc  c.c. 
of  CH^  the  contraction  will  amount  to  2Vjc. 

If  the  latter  value  be  subtracted  from  the  total  contraction  Vof 
the  difference  represents  the  contraction  caused  by  the  combus- 
tion of  the  hydrogen  present  (F  —2Vk)  and  two-thirds  of  the  lat- 
ter represents  the  amount  of  hydrogen, 

3 "' 

and  in  per  cent.: 

y:f(7c-27i)- =100:1 
%v =pcr  cent,  rl. 

Determination  of  Carbon  Monoxide,  Methane,  and  Hydrogen 

by  Combustion. 

After  the  absorption  of  the  CO,,  CnHjn,  and  0,  the  residual 
gas  consists  of  CO,  CH4,  H,  and  N.  To  it  a  measured  volume  of 
oxygen  *  is  added,  the  mixture  burned,  and  both  the  contraction, 
Vc,  and  the  carbon  dioxide  formed,  Fjc,  are  estimated.  After  this 
the  unused  oxygen  is  determined  by  absorption  with  alkaline 
pyrogallol  solution.  If  the  excess  of  oxygen  is  subtracted  from 
the  amount  originally  added,  the  difference  will  give  the  amount 
of  oxygen  necessary  for  the  combustion,  Vq. 


*  The  purity  of  the  oxygen  must  be  tested  before  the  analysis,  because 
the  commercial  product  almost  always  contains  nitrogen.  For  the  analysis  a 
measured  volume  of  nitrogen  is  added  to. a  definite  amount  of  oxygen,  as 
otherwise  the  amount  of  the  residual  gas  might  be  too  small  to  fill  the 
manometer-tube  between  the  marks  a  and  m  (Fig.  82).  The  nitrogen 
is  prepared  by  allowing  air  to  stand  over  phosphorus  in  a  Hempel  pipette 
(Fig.  82). 
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DOWSON   GAS. 

Sample  II  (45  cm.  above  the  grate). 

I.  II.  Mean. 


CO,    « 

8.58 

8.55 

8.56 

C»H^« 

0.48 

0.48 

0.48 

O       - 

0.17 

0.26 

0.21 

CO     = 

20.79 

20.59 

20.69 

CH,    « 

0.43 

0.43 

0.43 

H       = 

19.31 

19.22 

19.26 

N       = 

50.24 

50.47 

50.37 

100.00  100.00  100.00 

Obviously,  the  above  results  are  perfectly  satisfactory;  it 
is  worth  mentioning,  however,  that  according  to  the  former  method 
(absorption  of  the  CO  and  combustion  of  the  residue)  the  value 
obtained  for  the  methane  is  almost  invariably  somewhat  higher, 
and  that  for  hydrogen  a  trifle  lower  than  according  to  the  second 
method.  To  illustrate  this,  the  results  of  a  third  analysis  *  will 
be  given,  which  was  also  made  by  Korbuly  in  the  sample  of  gas 
taken  35  cm.  above  the  grate 

Sample  I  (Dowson  Gas,  35  cm.  above  the  grate) 

CO  determined  CO  determined 

by  absorption.  by  combustion. 

CO,  =     8.51 1  8.43 

CnH^n*     0.30  0.33 

O  =     0.31  0.27 

CO  =  20.80  20.91 

CH,  =     1.29  0.79 

H  =  22.05  23.38 

N  =  46.74  45.89 


100.00  100.00 

Of  the  two  methods,  the  author  decidedly  prelers  the  latter. 

Analysis  according  to  H.  Drehschmidt.  { 

The  apparatus  of  Drehschmidt,  like  that  of  Hempel,  consists 
of  the  gas-burette  B  and  the  comperisation-tube  C,  both  of  which 
are  contained  in  a  cylinder  filled  with  water  (Fig.  86). 

♦  The  gas  came  from  the  same  tube  as  in  the  case  of  the  other  analyses. 
The  gas  was  removed  from  the  tube,  as  described  on  p.  222. 
t  Tins  is  the  analysis  given  on  page  594. 
t  Berichte,  21  (1888),  p.  3242. 
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ThrxiA  the  Eb>p-«oek>  a  and  b.  B  and  C  ut  eocoeeied  by 
means  of  caplUarr  gi^i'w  tubk^  m  vrJrfa  s  cnp  ol  a  colored 
sohtkjn  fiiHJisb  ■td  =-jipr.-jit  *«i,  i=  plartd:  ia  orier  to  deur- 
mine  the  poeitkiD  ot  the  Utter,  the  capiil&iy  is  provided  vith 


Fig.  86. 

a  millimeter  graduation.  The  three-way  cock  a  caa  be  turned 
so  that  C  connects  with  the  ouler  air  or  with  the  capillary, 
or  sio  that  the  capilla^^■  is  in  connection  with  the  air;  it  has  an 
opening  through  the  top  of  the  key.  The  cock  b  has  a  right- 
aneiwl  boring  like  //,  Fig,  S2.  The  burette  is  di\idefi  into  milli- 
meters and  must  be  calibrated  with  mercury  before  u^nK-    ITie 
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apparatus  is  used  in   the  same   way   as   described   under  the 
Hempel  method,  p.  587. 

Technical  Gas  Analysis. 

Method  of  Hempel. 

The  apparatus  necessary  is  depicted  in  Fig.  87.  It  consists  of 
a  long  measuring-tube  ending  at  the  top  in  a  thick-walled  capillary 
tube  and  connected  at  the  bottom  by  means  of  rubber  tubing 
about  a  ^leter  long  with  the  levelling-tube. 

The  gas  is  confined  over  water  which  has  been  saturated  with 
the  gas  to  be  examined,  and  the  absorption  is  effected  in  Hempel's 
absorption  pipettes  such  as  are  shown  in  Figs.  88,  89,  90,  and  91.* 
Fig.  88  represents  a  simple  pipette  for  liquid  absorbents,  while 
Fig.  89  shows  a  compound  absorption  pipette.  The  latter  is  used 
for  solutions  which  undei^go  change  on  exposure  to  the  air,  e.g., 
an  alkaline  solution  of  pyrogallol,  or  an  ammonical  cuprous  chloride 
solution.  The  liquid  in  the  two  right-hand  bulbs  serves  to  protect 
the  solutions  on  the  left.  Fig.  90  shows  the  pipette  used  for 
fuming  sulphuric  acid.  The  small  bulb  is  filled  by  the  glass- 
blower  with  glass  beads,  which  serve  to  give  to  the  sulphuric  acid 
the  largest  possible  surface,  so  that  the  absorption  is  effected  much 
more  readily.  Fig.  91  is  a  pipette  used  for  solid  absorbents,  such 
as  phosphorus,  etc.  In  order  to  fill  it  with  phosphorus,  the  pipette 
is  placed  upside  down,  the  cylindrical  part  is  filled  with  distilled 
water,  and  a  stick  of  colorless  phosphorus  is  introduced.  After 
filling  the  pipette,  the  rubber  stopper  is  inserted,  the  apparatus 
is  placed  right  side  up,  water  is  poured  into  the  bulb,  and  any 
air-bubbles  in  the  cylindrical  part  of  the  pipette  are  removed  by 
blowing  through  the  bulb  until  the  water  flows  out  from  the  top 
of  the  left-hand  capillary,  which  is  then  closed  by  means  of  rubber 
tubing  and  a  pinch-cock. 

Analysis  of  Illuminating^as. 

First  of  all  the  confining  liquid  is  prepared  by  conducting  the 
gas  through  distilled  water  in  a  wash-bottle  for  several  minutes 
with  constant  shaking. 

*  These  wooden  pipette  stands  are  no  longer  much  used ;  iron  ones  am 
preferred. — [Translator."! 
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The  gas-b'jrette  is  filled  entirely  full  with  this  liquid  and 
then  the  upper  rubber  tubing  is  closed  with  a  pinch-cock.  In 
order  to  fill  the  burette  with  gas,  the  receiver  is  connected  with 


Fig.  87.  Fig  89 

the  burette  by  means  of  a  piece  of  nibber  tubing  through  which 
the  gas  has  been  flowing  for  two  or  three  minute*,  the  Icvelling-tube 
is  lowered,  the  pinch-cock  opened  and  a  little  nore  than  100  c.c. 
of  the  gas  are  allowed  to  flow  into  the  burette.  Tlie  upper  cock 
is  now  closed,  the  levelling-tube  raised  until  the  lower  meniscus 
of  the  confining  liquid  is  exactly  at  the  lOO-c.c.  mark,  when  the 
nibber  between  the  levelling-tube  and  the  burette  is  closed  near 
the  burette  with  a  pinch-cock.  The  apparatus  is  allowed  to 
stand  until  the  water  no  longer  rises  in  the  burette;  this  requires 
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two  or  three  minutes.  When  the  water  is  stationary,  the  lower 
pinch-cock  is  carefully  opened  (for  there  is  extra  pressure  in  the 
burette),  which  causes  the  water-level  to  sink.  When  the  100-c.c. 
mark  is  again  reached,  this  cock  is  closed,  the  upper  pinch-cock 
is  opened  an  instant  in  order  to  allow  the  excess  of  gas  to  escape 
and  then  immediately  closed.  Then,  to  make  sure  that  the  burette 
contains  exactly  100  c.c.  of  the  gas,  the  lower  pinch-cock  is  opened 
and  after  bringing  the  water  in  the  levelling-tube  to  the  same  height 
as  in  the  burette,  the  reading  is  taken;  the  lowest  point  of  the 
meniscus  should  coincide  exactly  with  the  100-c.c.  mark  of  the 
burette.     Finally  the  lower  pinch-cock  is  closed. 

I.  Determination  of  Carbon  Dioxide. 

The  burette  is  connected  with  a  pipette  containing  caustic 
potash  solution  by  means  of  a  capillary  filled  with  water,  as  shown 
in  Fig.  87,  the  levelling-tube  is  raised,  first  the  lower  pinch-cock 
and  then  the  upper  one  *  is  opened  and  the  gas  is  driven  over  into 
the  pipette.  The  confining  liquid  should  now  fill  the  entire  capil* 
lar}'.  The  upper  pinch-cock  is  closed,  the  pipette  taken  up  and 
shaken  for  three  minutes,t  and  the  gas  is  returned  to  the  burette, 
taking  care  that  none  of  the  alkali  enters  with  it. 

The  liquid  in  the  levelling-tube  is  brought  to  the  same  level 
as  that  in  the  burette;  the  lower  pinch-cock  is  closed  and  after 
the  water  has  completely  drained  from  the  sides  of  the  tube,  the 
volume  of  the  imabsorbed  gas  is  read. 

2.  Determination  of  the  Heavy  Hydrocarbons, 

The  burette  is  connected  by  means  of  a  dry,  empty  capillary 
with  the  sulphuric  acid  pipette  (Fig.  90)  and  the  gas  is  passed  back 
and  forth  four  times,  taking  care  that  no  water  enters  the  pipette 
and  that  the  sulphuric  acid  does  not  reach  the  rubber  connection. 

*  In  the  figure  this  pinch-cock  is  lacking. 

t  The  absorption  takes  place  more  rapidly  with  one  of  HempeFs  new 
pipettes,  which  is  similar  to  the  one  shown  in  Fig.  90,  except  that  the  right- 
hand  bulb  is  replaced  by  a  movable  levelling-bulb,  as  in  Fig.  83.  The  latter 
is  filled  with  mercury,  upon  which  the  liquid  absorbent  floats.  For  the 
absorption  of  CO^,  it  is  only  necessary  to  pass  the  gas  back  and  forth  once. 


6oo  dS  ANALYSIS. 

Before  the  experiment  the  position  of  the  Bulpburic  acid  is 
marked  upon  the  milk-glass  plate  back  of  the  pipette  and  at  the 
end  of  the  experiment  the  acid  must  come  to  the  same  marie  The 
gas  in  the  burette  is  now  contaminated  with  acid  vapors  which 


are  removed  by  passing  it  into  the  potash  pipette    afterwards 
returning  it  to  the  burette. 


3.  Determination  of  Oxygen. 

This  can  be  effected  by  shaking  the  gas  in  the  compound  pipette 
with  alkaline  pj-rogallol  solution,  but  far  preferably  by  means  of 
phosphorus.  In  the  latter  case,  the  gas  is  driven  over  into  the 
phosphorus  pipette  and  allowed  to  remain  there  until  the  white 
vapors  disappear;  this  usually  requires  but  three  or  four  minutes 
(cf.  p.  573).  If  no  white  vapors  can  be  detected,  this  Ebon's  con- 
clusively that  the  absorption  of  the  hea\y  hydrocarbons  was 
incomplete  (cf.  p.  574).  In  such  a  case,  the  gas  must  be  again 
treated  with  sulphuric  acid  and  afterwards  with  phosphorus. 
If  no  white  fumes  are  then  formed,  no  oxygen  is  present  a  case 
which  practically  never  occurs,  for  in  the  determination  of 
the  hydrocarbons  a  little  air  containing  oxygen  always  reaches 
the  gas  from  the  small  capillary. 
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4.  Determination  of  Carbon  Monoxide. 

The  gas  is  shaken  three  minutes  with  an  old  solution  of 
ammoniacal  cuprous  chloride  and  then  the  same  length  of  time 
with  a  fresh  solution. 

5.  Determination  of  Hydrogen  and  Methane. 

After  the  absorption  of  the  carbon*  monoxide  the  residual  gas  is 
placed  in  the  hydrochloric  acid  pipette,  while  the  burette  is 
washed  out  with  hydrochloric  acid  in  order  to  remove  traces  of 
alkali,  and  then  filled  with  distilled  water. 

About  15  to  16  c.c.  of  the  gas  in  the  hydrochloric  acid  pipette 
are  transferred  to  the  burette,  and  after  reading  its  volume  it  is 
driven  over  into  an  explosion  pipette  containing  mercury  (Fig.  83). 
100  c.c.  of  air  (containing  20.9  c.c.  of  oxygen)  are  accurately  meas- 
ured off  in  the  burette  and  added  to  the  contents  of  the  explosion 
pipette.  The  latter  is  then  closed  by  means  of  a  pinch-cock, 
the  contents  of  the  pipette  are  mixed  by  shaking,  the  levelling- 
tube  is  lowered  so  that  the  gas  is  placed  under  reduced  pressure, 
and  the  glass  stop-cock  of  the  pipette  is  closed.  The  platinum 
wires  which  are  fused  in  the  upper  part  of  the  bulb  are  now  con- 
nected with  the  poles  of  a  small  induction  coil  so  that  sparks  pass 
between  the  platinum  points  within  the  pipette.  The  explosion 
at  once  occurs  with  a  flash  without  ever  breaking  the  pipette. 
The  gas  is  returned  to  the  burette.  It  would  seem  natural  to 
read  the  volume  of  the  gas  and  then  determine  the  amount  of 
carbon  dioxide  formed,  the  latter  being  a  measure  of  the  amount 
of  methane  burned.  This  is  not  advisable,  however,  because 
the  gas  in  the  burette  is  confined  over  water  which  absorbs  ap- 
preciable quantities  of  carbon  dioxide.  Consequently  without 
reading  the  volume  of  the  gas,  it  is  transferred  to  the  potash  pipette, 
the  carbon  dioxide  removed,  and  the  volume  of  the  gas  then  read; 
this  gives  the  contraction  Vc.  Finally,  the  amount  of  unused 
oxygen  is  determined  by  means  of  absorption  with  phosphorus. 
If  the  excess  of  oxygen  is  subtracted  from  the  total  amount  added 
(20.9  c.c),  the  amount  of  oxygen  required  for  the  combustion 
is  determined  (Fo),  so  that  we  have  two  equations  from  which  the 
amount  of  hydrogen  and  methane  can  be  computed. 
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If  we  represent  by  x  the  volume  of  the  hydrogen,  and  by  y  the 
volume  of  the  methane  we  have 

1.  Fc=ix+3y, 

2.  Fa=ix+2y, 

and  from  these  equations  we  find 

x==iVc-2Vo, 
y^Vo-iVc. 

The  values  thus  obtained  are  referred  to  the  total  gas  residue 
and  in  this  way  the  amount  of  hydrogen  and  methane  present 
in  the  illuminating  gas  is  determined. 

Great  accuracy  is  naturaUy  not  to  be  expected  by  such  an 
analysis,  but  the  procedure  is  very  satisfactory  for  an  approxi- 
mate estimation.  In  order  to  illustrate  this  point,  the  results  of 
analyses  made  by  two  different  students  in  the  author's  labora- 
tory at  the  same  time  will  be  given. 

Analysis  of  Zurich  Dliiminating-gas  by  Hempd's 

Technical  Method. 

I.  II. 

Gas  taken 100  c.c.  100  c.c. 

-*1.8%  CO,  -♦1.8%  00, 

After  removal  of  CO, 98.2  98.2 

—3.6%  C3m  -^.6%C»H» 

"  C»H»  ...     94.6  94.6 

-^.6%  O  -M).6%  O 

"          "        "  O 94.0  94.0 

-♦8.6%  CO  -^.8%  CO 

'*          "        "CO 86.4  85.2 

For  the  H  and  CH^  deter- 
nunation   were  taken   of 

gas 16.0  15.6 

+air 116.0  115.6 

-♦30.0=  Fe  -♦29.8- F<, 

After  the  explosion, 86.0  85.8 

—♦5.2  excess  oxygen  —^5. 6  excess 

oxygen 
"    removal  of  excess  of  O    80.8  80.2 

yo=20.9-5.2«15.7.  Fo=  20.9-6.6=  15.3. 
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If  the  values  of  Vc  and  Vi  are  inserted  in  the  above  equations,  we 
have: 


Hydrogen  x=8.6 
Methane     y^b.l 

x«9.1 
y«6.4 

and  in  per  cent. : 

x«46.9%  H 
y=30.42%CH, 

x=49.7%  H 
y«29.5%  CH, 

SUBIMART   OF  THE  TWO   ANALYSES. 


I. 

II. 

Difference. 

ad 

1.8 

1.8 

0.0 

3.6 

3.6 

0.0 

0 

0.6 

0.6 

0.0 

CO 

8.6 

8.8 

0.2 

H 

46.9 

49.7 

3.8 

CH, 

30.4 

29.5 

0.9 

N 

9.1 

6.0 

3.1 

From  the  results  obtained,  it  is  obvious  that  in  each  case  the 
values  obtained  by  absorption  agree  closely;  on  the  other  hand, 
the  two  determinations  of  hydrogen  differ  by  almost  4  per  cent, 
while  that  of  methane  shows  a  divergence  of  nearly  1  per  cent. 

It  is  possible  to  obtain  a  much  closer  agreement  than  the 
above  in  the  determination  of  hydrogen  and  methane,  but  the 
analysis  is  inaccurate  on  account  of  the  fact  that  only  one-fifth 
of  the  residual  gas  is  taken  for  the  explosion;  thus  every  error 
is  multiplied  five  times.  Furthermore,  it  is  not  certain  that  the 
combustion  takes  place  quantitatively.  If  the  gas  is  under 
greatly-diminished  pressure,  the  combustion  is  never  complete; 
on  the  other  hand,  some  nitrogen  is  oxidized  if  the  gas  is  under 
too  great  pressure.  Better  results  are  obtained  by  burning  the 
whole  of  the  residual  gas  with  oxygen,  either  by  the  method  of 
Drehschmidt  or  that  of  Winkler-Dennis.*  In  the  latter  case  the 
gas  residue  is  placed  in  a  Hempel  pipette  filled  with  mercury  and 
connected  with  a  levelling-bulb.  Through  the  rubber  stopper  at 
the  bottom  (Fig.  92)  two  steel  needles  are  inserted  (crochet 
needles),  the  longer  of  which  is  enveloped  throughout  its  whole 

♦  Zeitschr.  fur  anorf?.  Chem.,  XIX  (1899),  p.  179. 
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length  by  a  glass  tube,  and  the  upper  end  is  connected,  at  about 
three-quarters  the  height  of  the  cylindrical  part  of  the  pipette, 
with  a  thin  platinum  spiral. 

100  c.c.  of  oxygen  are  now  measured  off  into  a  cooled  Hempel 
burette  containing  mercury,  and  the  two  steel  needles  of  the  pipette 


Flo.  92. 

are  connected  with  a  small  storage  battery  of  such  a  strength  that 
the  platinum  spiral  is  heated  to  dark  redness;  the  oxygen  is  then 
slowly  led  into  the  pipette.  Since  at  the  start  a  lai^e  excess  of 
the  gas  residue  is  present,  the  combustion  takes  place  quietly; 
explosions  never  occur. 

Orsat's  Apparatus. 

For  the  analysis  of  Hue  gases,  Orsat  has  constructed  the  appa- 
ratus shown  in  Fig.  93.  It  consists  of  the  100  c.c.  measuring-tube 
B  surrounded  by  a  cylinder  containing  water,  and  connected  on 
the  one  hand  with  the  three  Great  tubes  by  means  of  the  cocks  /, 
//,  and  ///,  and  on  the  other  hand  with  the  outer  air  through  the 
stop-cock  k.  The  Orsat  tube  ///  contains  caustic  potash,  //  alka- 
hne  pyrogallol  solution,  and  /  ammoniacal  cuprous  chloride  solution. 

Manipulation. — By  raising  the  levelling-bottle  N  and  open- 
ing the  stop-cock  h,  the  measuring-tube  B  is  Med  with  water. 
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Aa  soon  as  the  water  is  above  the  mark  in  the  widened  part  of 
the  measuring-tube,  the  rubber  tubing  between  the  levelbng-bottle 
and  the  meaeuring-tube  is  closed  by  means  of  a  pinchnxick,  a  is 
connected  with  the  source  of  the  gas,  and  the  gas  is  sucked  into 
the  measuring-tube  by  lowering  the  levelling-bottle  and  opening 


Fio.  93. 

the  pinch-cock.  The  U  tube  on  the  outside  of  the  apparatus  is 
filled  with  glass-wool  and  serves  as  a  filter;  any  smoke  being 
removed  from  the  gas  to  be  examined.  The  sample  thus  col- 
lected is  naturally  contaminated  with  the  air  from  the  rubber 
tubing,  the  U  tube,  and  the  capillary,  which  must  be  removed.  The 
cock  h  serves  for  this  purpose  and  is  provided  with  a  T  boring. 
The  cock  is  turned  so  that  the  burette  communicates  with  the 
outer  air  through  a  small  tube  (not  shown  in  the  illustration)  and 
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the  gas  is  expelled  by  raising  the  bottle  N,  This  process  of 
filling  and  emptying  is  repeated  three  times,  and  the  fourth  filling 
of  the  tube  B  is  taken  for  the  analysis.  The  gas  in  the  burette  is 
brought  to  the  0  mark,  and  it  is  placed  under  atmospheric  pres- 
sure by  quickly  opening  and  then  closing  h.  After  this  the  gas 
is  driven  over  into  the  potash-bulb  and  back  again  to  the  meas- 
uring-tube several  times,  until  there  is  no  further  absorption,  after 
which  the  volume  of  the  gas  is  again  read.  In  the  same  way 
the  gas  is  successively  passed  into  the  pyrogallol  and  the  cuprous 
chloride  tubes,  thus  obtaining  the  amount  of  COj,  O,  and  CO  in 
the  gas. 

Btmte's  Apparatus. 

This  apparatus,  shown  in  Fig.  94,  differs  from  those  previously 
described,  inasmuch  as  the  absorption  takes  place  in  the  measuring 
vessel  itself,  whereas  in  the  other  cases  the  absorption  takes  place 
in  the  pipettes. 

The  Bunte  burette  has  a  capacity  of  about  110  to  115  c.c. 
between  a  and  6;  a  is  a  three-way  cock,  while  h  is  bored  only  once. 

Manipulation. — The  burette  is  connected  with  the  levelling- 
bottle  Ny  as  shown  in  the  illustration,  a  and  b  are  opened,  and  the 
water  is  allowed  to  run  up  to  the  mark  in  the  funnel  above  a. 
The  key  of  the  stop-cock  a  is  connected  with  the  source  of 
the  gas,  N  is  lowered,  a  turned  to  the  proper  position,  and 
the  gas  is  sucked  into  the  burette.  After  about  101  to 
103  c.c.  of  the  gas  have  entered  the  burette,  a  and  b  are 
closed,  N  is  raised,  and  by  opening  b  the  gas  in  the  burette  b 
compressed  until  the  confining  liquid  has  exactly  reached  the 
zero  mark.  The  cock  a  is  now  cautiously  opened,  when  some  of 
the  gas  in  the  burette  will  escape  through  the  water  in  the  funnel. 
The  gas  in  the  burette  is  now  under  a  pressure  equal  to  that  of  the 
atmosphere  plus  the  pressure  from  the  column  of  water  in  the 
funnel,  and  all  subsequent  measurements  are  taken  under  the 
same  conditions. 

Absorptions. — In  order  to  introduce  the  different  absorbents 
into  the  burette,  its  lower  end  is  connected  by  means  of  the  rub- 
ber tubing  h  with  the  bottle  F  containing  a  little  water,  the  water 
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having  been  blown  up  into  the  rubber  tubing.  The  cock  6  is 
opened,  as  is  the  screw-cock  at  h,  and 
the  water  in  the  burette  b  allowed  to 
run  out  until  it  exactly  reaches  the  cock 
h,  which  ia  then  closed.  The  absorbent 
is  placed  in  a  small  dish,  the  lower 
tip  of  the  burette  is  introduced  into  the 
liquid,  and  the  cock  b  is  opened.  Inas- 
much as  the  gas  in  the  burette  is  under 
less  than  atmospheric  pressure,  the  ab- 
sorbent is  sucked  up  into  the  burette. 
The  cock  b  is  now  closed,  the  burette 
grasped  above  a  and  below  b  (in  order 
not  to  warm  the  gas),  and  its  contents 
well  shaken,  after  which  the  burette  is 
again  dipped  into  the  absorbent  in  the 
dish  and  a  little  more  of  the  latter 
drawn  up  into  the  burette.  This  process 
is  repeated  until  no  more  of  the  ab- 
sorbent is  sucked  up  into  the  burette. 
It  would  now  be  incorrect  to  read  the 
volume  of  the  unabsorbed  gas,  for  it 
is  under  quite  a  different  pressure  than  Fig.  94, 

at  the  beginning  of  the  analysis;  namely, 

the  atmospheric  pressure  less  the  pressure  of  the  column  of 
liquid  remaining  in  the  burette  with  the  cock  b  open.  Further- 
more the  vapor  tension  of  the  liquid  in  the  burette  is  different 
from  that  of  the  water  originally  present.  In  order  to  obtain 
the  original  conditions,  the  burette  b  connected  with  the 
bottle  F,  which  now  only  contains  enough  water  to  fill  the 
rubber  tubing  and  the  glass  tube,  and  the  absorbent  is  sucked 
from  the  burette  into  the  bottle  until  the  upper  level  of  the 
liquid  reaches  the  cock  &,*  The  end  of  the  burette  is  then 
dipped  into  a  dish  containing  water,  which  rises  into  the  burette 
on  opening  6.  The  latter  is  closed  and  water  is  allowed  to  run 
into  the  burette  from  the  funnel  until  the  original  pressure  is 
*  The  absorbent  is  now  by  no  means  exhausted,  so  that  it  ia  returned 
to  the  proper  bottle,  and  can  be  used  for  several  other  detenninations. 
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nitric  oxide,  but  the  latter  may  be  removed  by  washing  the  gas 
with  a  solution  of  ferrous  sulphate. 

According  to  L.  PoUak  the  solubility  of  nitrous  oxide  between 
0°  and  22°  C.  is  expressed  by  the  formula 

a  =  1.13719-0.042265-i+0.000610-?, 

while  according  to  Bunsen  its  solubilty  is  greater,  being  expressed 
by  the  formula 

a=1.3052-0.045362.<+0.0006843<». 

The  gas  is  absorbed  to  a  much  greater  extent  by  alcohol  than 
by  water.  According  to  Pollak,  the  absorption  coefficient  for 
alcohol  is  , 

a =3.22804-0.04915- <+ 0.00023 -i', 

wnile  according  to  Bimsen  it  is  somewhat  greater: 

a  «  4. 17805  -  0.069816  •<+ 0.000609  •  i*. 

The  determination  of  nitrous  oxide  can  be  effected  with  accu- 
racy by  combustion,  and  this  may  be  carried  out  in  two  different 
ways : 

1.  According  to  Bunsen,  by  exploding  with  hydrogen,  or  accord- 
ing to  Knorre,  by  means  of  the  Drehschmidt  capillary.  The  con- 
traction produced  is  equal  to  the  original  volume  of  the  nitrous 
oxide: 

NjO     +     H,     =     H,0     +     Nj. 

2  vols.  2  vols.  0  vol.  2  voIb. 

2.  According  to  Pollak,  by  combustion  with  pure  carbon 
monoxide,  either  by  explosion  or  with  the  help  of  the  Drehschmidt 
capillary;  the  volume  of  the  CO2  formed,  which  is  measured,  is 
equal  to  the  volume  of  the  nitrous  oxide: 

NjO     +     CO     =     CO,    +     N,. 

2  vols.  2  vols.  2  vols.  2  vols. 

There  is  no  contraction  in  this  case. 
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mtric  Oxide,  NO.    Mol.  Wt.  30.04. 

30.04  gms.  NO  occupy  a  volume  of  22.391  liters  under  stand- 
ard conditions. 

Although  nitric  oxide  is  practically  insoluble  in  water,  its 
determination  will  be  discussed  at  this  place  because  this  gas 
frequently  occurs  with  nitrous  oxide,  and  must  therefore  be  de- 
termined at  the  same  time. 

Nitric  oxide  may  be  determined  by  absorption*  \i-ith  a  con- 
centrated solution  of  ferrous  suljphate  or  an  acid  solution  of  potas- 
sium permangante,  or,  better  still,  according  to  Knorre  and  Amdt,t 
by  mixing  the  gas  with  hydrogen  and  slowly  passing  the  mixture 
through  a  Drehschmidt's  platinum  capillary  heated  to  bright 
redness.  Under  these  conditions  the  nitric  oxide  is  quantitatively 
burned  according  to  the  equation 

2N0     +     2H,     =     2H,0     +     N,. 

4  Tola.  4  Tob.  0  toI.  2  vols. 

The  contraction  produced  by  the  combustion  of  one  volume 
of  nitric  oxide  is  equal,  therefore,  to  f  the  original  volume  of  the  gas. 

Remark. — If  the  gas  mixture  is  passed  too  quickly  through 
a  platinum  capillary  heated  to  bright  redness,  or  slowly  through 
a  less  strongly  heated  platinum  capillary,  an  appreciable  amount 
of  ammonia  is  formed  and  the  results  obtained  are  inaccurate. 

By  explosion  with  hydrogen  it  is  not  possible  to  bum  NO 
when  it  is  pure;  when  it  is  mixed  with  considerable  nitrous  oxide, 
\nolent  explosions  take  place,  yet  the  combustion  of  the  NO  is 
even  then  not  quantitative. 

The  gas  may  be  determined,  however,  by  combustion  with 
carbon  monoxide  in  the  Drehschmidt  capillary. 

According  to  Henry  a  mixture  of  carbon  monoxide  and  nitric 
oxide  is  not  explosive.  On  the  other  hand,  according  to  PoUak^ 
by  conducting  a  mixture  of  these  gases  through  a  Drehschmidt 

*  According  to  Divers,  nitric  oxide  may  be  absorbed  by  an  alkaline  solu- 
tion of  sodium  sulphite  (20  gms.  NajSO,+2  gms.  KOH  in  100  c.c.  H,0). 
Joum.  Science  Coll.  Imp.  University,  Tokio,  Vol.  XI  (1893),  p.  11. 

t  Berichte,  XXI  (1899),  p.  2136. 
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platinum  capillary  heated  to  bright  redness,  the  combustion  is 
quantitative  if  at  the  same  time  the  carbon  dioxide  formed  is 
Temoved  by  means  of  caustic  potash;*  otherwise  the  oxidation 
is  not  quantitative.    According  to  the  equation 

2N0  +  2C0  =  2CO2  +  Na 

4  vols.       4  vols.        0  vol.      2  vols. 

the  contraction  produced  is  equal  to  |  the  volume  of  the  nitric 
oxide. 

Remark. — If  considerable  nitrous  oxide  is  present  at  the  same 
time,  the  combustion  in  the  Drehschmidt  capillary  takes  place 
quantitatively  without  the  removal  of  the  carbon  dioxide.  In 
this  case  the  contraction  is  i  the  volume  of  the  nitric  oxide. 

According  to  Oppenheimer,!  nitric  oxide  is  reduced  to  nitrous 
oxide  by  means  of  alkaline  pyrogallol  solution. 

Analysis  of  a  Mixture  of  Nitrous  and  Nitric  Oxides. 

I.  Combustion  with  Hydrogen. 

The  gas  is  mixed  with  an  excess  of  hydrogen  and  oxidized 
according  to  Knorre  in  the  Drehschmidt  platinum  capillary  heated 
to  bright  redness.  If  the  volume  of  the  NjO^x  and  that  of  the 
NO=y,  we  have: 

N,0.    NO. 

1.  X  +     1/  =  V 

2.  X  4-  |y  ==  Vc  (contraction) 

from  which  can  be  calculated : 

x=37-27e 
2/=2(7c-7). 

*  The  mercury  in  the  Drehschmidt  tube  is  covered  with  caustic  potash 
solution,  by  which  means  the  CO,  is  absorbed  immediately  after  its  for- 
mation. 

t  Berichte,  36  (1903),  p.  1744 
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Tbe  cae  znixtriri^  k  tn^ted  with,  an  excesE  •:>£  carbi>a  CLonoxide 
anii  b»irrieti  in  the  rcti-iiiot  pUtin'-im.  cacillarv:  the  coctTactioiu 
!*<,  acd  ihe  carboa  :::<:cijidiie.  T^.  are  bjih  decermined: 

X/X     XO. 
from  wfaicfa  we  can  compute: 

x=r*-2r. 

y=2r,. 


Deleniiiiudioo  of  Nitrous  Qzidey  Hitric  Qzidey  and  ffitrogtn  in 

the  Preience  of  One  Another. 

I.  By  ComZ/oirfiVm  iriM  Hydrogen  in  a  Dreh^hmidt  Capillary, 

After  noting  the  contraction  formed  by  the  combustion  with 
hydrogen,  an  excess  of  ox^'gen  k  added  to  the  gas  residue  and  the 
mixture  fe  burned  in  the  Drehschmidt  capillary;  two-thirds  of  the 
contraction  which  now  takes  place  is  eriual  to  the  amount  of  unused 
hy^lrogen  in  the  first  oxidation.  If  this  quantity  is  deducted 
from  the  amoimt  of  hydrogen  originally  added,  the  diffeienoe,  F^ 
represents  the  amount  of  hydrogen  necessary. 

We  have  now: 

X,0.     XO.     X. 

1.  x+      y-f2=r 

2.  X  +   It/  =    Vc 

S.  X  +    y         =  r. 

from  which  we  can  compute 

x=3r«.-2F^ 
y=2(r,-F^) 
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II.  By  Combustion  with  Carbon  Monoxide  in  the  Drehschmidt 

Capillary, 
We  have: 

NjO.    NO.     N. 
X  +    y  +  2=F 

iy  =  Ve  (contraction) 

X  +    y         =Ffc(CO), 

from  which  it  follows : 

y=2Vc 

Determination  of  Nitrous  Oxide,  Nitric  Oxide,  and  Nitrogen  in 

the  Presence  of  Carbon  Dioxide. 

The  accurate  determination  of  nitrous  oxide  in  the  presence 
of  carbon  dioxide  offers  certain  difficulties.  It  is  not  possible 
to  determine  the  former  by  combustion  with  hydrogen  in  the 
Drehschmidt  capillary,  because  when  the  carbon  dioxide  is  present 
it  takes  part  to  some  extent  in  the  combustion, 

C03+H3=H,0+CO, 

and  the  previous  absorption  of  the  carbon  dioxide  by  means  of  a 
large  quantity  of  caustic  potash  is  equally  unsatisfactory,  because 
a  considerable  amount  of  nitrous  oxide  will  be  absorbed  by  the 
reagent.  The  only  way  which  can  be  recommended  to  effect 
this  determination  consists  in  absorbing  the  carbon  dioxide  by 
means  of  the  smallest  possible  quantity  of  caustic  potash,  in  which 
cas^  the  error  introduced  by  the  absorption  of  the  nitrous  oxide 
is  reduced  to  a  minimum;  the  residual  gas  is  examined  as  described 
above. 

Analysis  of  Gases  by  Titration  of   the  Absorbed  Constituents. 

If  a  mixture  of  gases  contains  several  constituents,  of  which 
two  are  removed  by  the  same  absorbent,  and  one  of  these  can 
be  det-ermined  by  titration,  it  is  a  matter  of  no  difficulty  to 
determine  the  amount  of  each.  The  diminution  in  volume  after 
treatment  with  the  absorbent  represents  the  amount  of  the  two 
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constituents,  the  titration  value  represents  the  amount  of  one  of 
them,  and  the  difference  shows  the  amount  of  the  other.  Such 
problems  can  be  solved  in  a  variety  of  ways,  and  only  a  few 
examples  will  be  mentioned. 

1,  DetermiTiation  of  Carbon  Dioxide  in  EUdrvlyiic  Chlorine. 

The  author  has  used  the  apparatus  shown  in  Fig.  96  with  the 

best  success  for  this  purpose. 

The  absolutely  dry  eudiometer,  B,  the 
capacity  of  which  between  the  two  stop-cocks 
is  accurately  known,  and  for  convenience 
may  be  100  cc,  b  filled  by  passing  the  gas 
through  the  lower  cock  after  it  has  been 
dried  by  passing  through  a  long  calcium 
chloride  tube.*  After  five  or  ten  minutes 
it  is  safe  to  assume  that  the  air  has  been 
completely  replaced  by  the  gas.  The  lower 
three-way  cock  is  now  closed  and  then  the 
upper  one.  The  temperature  and  baro- 
metric pressure  are  both  noted  at  this 
point. 

The  tip  of  the  burette  is  connected 
by  rubber  tubing  with  a  reservoir  contain- 
ing a  5  per  cent,  solution  of  pure  caustic 
soda,  and  the  three-way  cock  is  turned 
to  the  position  shown  in  the  figure.  As 
soon  as  the  alkali  solution  begins  to  flow 
Fig.  as.  from  the  stop-cock,  the  latter  is  closed..   In 

this  way  it  b  certain  that  there  b  no  air  present  in  the  rubber 

tubing  or  in  the  tip  of  the  burette. 

The  reservoir  N  b  now  rabed  and  the  lower  etop-cock  opened, 

whereby  a  small  amount  of  the  alkali  ia  driven  up  into  the  burette. 

The  cock  b  closed  and  by  suitably  inclining  the  burette,  its  walb 

*  If  the  buretU  and  gM  are  not  perfectly  dfy,  iome  chlorine  will  be  ab- 
viAkA  by  tbe  water.  ThU  will  not  affect  the  gas  reading,  but  will  be  harm- 
ful in  the  Hubaequent  titration. 
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are  thoroughly  wet  with  the  solution  so  that  the  chlorine  and 
carbon  dioxide  in  the  gas  mixture  are  quickly  absorbed.  By  open- 
ing the  lower  stop-cock  again,  more  of  the  alkali  is  sucked  up  and 
this  process  is  repeated  until  the  absorption  is  complete,  when* 
the  liquid  in  the  burette  and  that  in  the  reservoir  are  brought 
to  the  same  level  and  the  volume  of  the  gas  read.  By  deducting 
the  imabsorbed  gas  from  the  original  amount,  the  volume  of  the 
chlorine + that  of  the  carbon  dioxide  is  obtained.* 

For  the  chlorine  determination,  the  funnel  on  the  top  of  the 
burette  is  first  washed  out  with  water  in  order  to  remove  small 
amounts  of  chlorine  (which  may  be  present  from  the  passing  of 
the  original  gas  through  it),  then,  with  the  lower  stop-cock  closed, 
the  whole  of  the  contents  of  N  are  transferred  to  a  beaker,  at  last 
turning  the  three-way  cock,  as  shown  in  the  figure,  so  that  any 
alkali  remaining  in  the  rubber  tubing  can  run  out.  The  tubing  is 
now  removed  from  the  burette  and  N  is  washed  out  with  distilled 
water,  the  latter  passing  through  the  rubber  tubing  into  the  dish, 
finally  adding  the  contents  of  the  burette  to  the  solution  and  wash- 
ing out  the  burette  with  water,  added  through  the  funnel. 

The  absorption  of  the  chlorine  by  means  of  5  per  cent,  alkali 
takes  place  according  to  the  following  equation: 

2NaOH+2Cl=NaOCl+NaCl+HaO. 

The  oxygen  of  the  NaOCl,  which  is  equivalent  to  the  amoimt 

N 
of  chlorine  absorbed,  is  determined  by  titration  with  -tt  arsenious 

acid  as  follows: 

N 
The  solution  is  treated  with  100  c.c.  of  j^  arsenious  acid,t  a 

few  drops  of  phenolphthalein  are  added,  the  solution  is  treated 
with  hydrochloric  acid  until  the  red  color  just  disappears,  a  little 

*  There  is  a  slight  error  introduced  by  deducting  the  volume  of  the  moist 

residual  gas  from  the  original  volume  of  dry  gas.    The  gas  residue,  however, 

is  usually  so  small  that  the  error  is  negligible. 

N 
1 100  c.c.  j^  AflsOgB  111.95  c.c.  CI  at  0°  and  760  mm.;  as  the  gas  was 

measured  at  a  higher  temperature,  this  amount  of  arsenious  acid  is  in  excess 
even  if  the  gas  is  all  chlorine. 
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starch  solution  is  added,  and  the  excess  of  the  aisenious  acid  is 

N 
titrated  with  —  iodine  solution. 

N 
If  the  number  of  cubic  centimetera  of  -tt:  iodine  solution  used 

be  deducted  from  100,  and  this  difference  multiplied  by  1.1195,  the 
product  gives  the  volume  of  the  absorbed  chlorine  measured  dry 
at  0**  C.  and  760  mm.  pressure,  but  this  volume  must  be  reduced 
to  the  conditions  under  which  the  original  gas  was  measured. 

If  the  volume  of  chlorine  thus  found  be  deducted  from  the  total 
amount  of  gas  absorbed  by  the  caustic  soda,  the  difference  gives 
the  amount  of  carbon  dioxide. 

Example. — ^The  volume  of  the  burette  used  for  the  analysis 
was  found  to  be  101.2  c.c.  by  weighing  the  amoimt  of  mercury 
which  it  would  contain. 

Amoimt  of  gas  taken  for  the  analysis 101.2  c.c. 

"         remaining  after  the  absorption  of  CI +CO2.      0.4  " 

Amoimt  of  CI+CO3  is  therefore 100.8  c.c. 

The  temperature  was  17.5°  C.  and  the  barometer  reading  was 

715  mm. 

N 
For  the  titration  of  the  chlorine,  78.6  c.c.  —  AsjOj  solution  were 

used,  corresponding  to 

78.6X1.1195=88.0  c.c.  CI  at  0°  C.  and  760  mm., 
or  99.5  c.c.  CI  at  17.5°  C.  and  715  mm. 

But  101.2  c.c.  of  the  gas  contamed 100.8  c.c.  Cl-hCO, 

Deducting  the  amount  of  CI 99.5  " 

There  remain 1.3  c.c.  CO, 

Consequently  the  gas  consists  of 

a  =  99.5  ^  I  a  =  98.3 

CO2        =     1.3    >  and  in  per  cent.'-l  CO,        =     1.3 
Residue  =     0.4  J  (  Residue «     0.4 

101.2  100.0 

Examination  of  the  Unabsorbed  Gas  Residue, — ^Usually  the 
residual  gas  is  too  small  in  amount  (as  in  the  above  case)  to 
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examine  quantitatively,  so  that  for  this  part  of  the  analysb  a 
laiger  sample  of  the  gas  is  taken.  The  author  has  used  the 
apparatus  shown  in  Fig.  96  for  this  purpose  with  good  results. 


The  thick-walled  filter-bottle  A  has  a  capacity  of  about  1.5  liters. 
It  contains  about  500  c.c.  of  strong  caustic  potash  solution  and 
the  absorption-tube  with  stop-cock  H  is  faster.ad  air-tight  within  it. 
Manipulation. — First  of  all,  the  absorption -tube  is  entirely 
filled  with  the  caustic  potash  solution  by  suction  through  H,  finally 
closing  the  latter.  The  patent  cock  is  then  turned  to  the  position 
//,  and  by  suction  through  the  left  side-arm,  the  glass  tube 
is  filled  with  the  alkali  up  to  the  cock.  The  latter  is  then  turned 
to  the  position  /,  the  left  side-arm  is  connected,  by  means  of  a 
short  piece  of  rubber  tubing  and  a  long  piece  of  glass  tubing,  with 
the  source  of  the  gas  and  several  liters  of  gas  are  drawn  through 
this  tube  by  connecting  the  right  side-arm  with   an  aspirator. 
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As  soon  as  it  is  safe  to  assume  that  all  of  the  air  has  been  driven 
out  from  the  tubing,  the  cock  is  turned  to  the  position  //,  the 
aspirator  is  connected  at  a  with  the  flask  A  in  which  a  slight  vacuum 
is  produced,  whereby  the  gas  begins  to  collect  in  the  absorption- 
tube.  Chlorine  and  carbon  dioxide  are  completely  absorbed, 
while  the  residual  gas  collects  in  the  upper  part  of  the  absorption- 
tube.  The  gas  is  allowed  to  enter  the  tube  imtil  from  50  to  70 
c.c.  of  the  gas  residue  are  obtained;  the  cock  /  is  then  closed, 
the  aspirator  removed,  and  the  gas  driven  over  into  a  Hempel's 
gas-burette  and  analyzed  according  to  the  methods  already  de- 
scribed. 

60.9  c.c.  of  the  gas  residue  from  the  above-mentioned  elec- 
trolytically  prepared  chlorine  gave: 


Oxygen  =40.7 

Carbon  monoxide  =  2.6  }*  and  in  per  cent. 

Nitrogen  =17.6 


f  Oa  =  66.9 
C0=     4.3 

N   =  28.8 


60.9  100.0 

At  the  carbon  electrode  (the  anode)  not  only  chlorine  but  also 
a  small  amount  of  oxygen  is  liberated.  The  latter  attacks  the 
carbon  of  the  electrode,  forming  carbon  monoxide,  the  greater 
part  of  which  in  turn  combines  with  the  chlorine,  forming  phosgene 
gas,  COClj,  but  the  latter  is  decomposed  by  water  with  the  forma- 
tion of  CO,  and  HQ: 

COCl2+H20=CO,+2HCl. 

This  accounts  for  the  presence  of  the  CO3  and  CO  in  chlorine  which 
has  been  prepared  electrolytically. 

2.  Determination  of  Stdphur  Dioxide. 

For  the  determination  of  sulphur  dioxide  from  pyrite  burn- 
ers, F.  Reich  recommends  that  the  gas  should  be  sucked  by 

N 
means  of  an  aspirator  through  a  measured  amount  of  -rr  iodine 

solution,  colored  blue  with  starch,  until  the  latter  is  decolorized 

The  amount  of  the  gas  is  equal  to  the  quantity  of  water  which 

has  flowed  from  the  aspirator  -f-  the  volume  of  the  absorbed  SOj 

N 
For  example,  10  c.c.  of  t^  iodine  solution  were  decolorized 
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after  V  c.c.  of  water  had  flowed  from  the  aspirator;  the  gas  was 
at  t^  C.  and  760  mm.  pressure.  Since  in  the  absorption  of  the 
SO3  by  the  iodine  the  following  reaction  takes  place, 

SO,+H,0+Ia=2Hl4-SO„ 

it  is  evident  that  the  amount  of  SO,  absorbed,  measured  dry  at 

N 
0°  and  769  mm.  pressure,  will  be  11.19  c.c,  for  1  c.c.  rr^  iodine  . 

solution  corresponds  to  1.1195  c.c.  SO,. 

It  follows,  then,  that  the  volume  of  gas  taken  for  the  analysis 
equals 

y.(^-ti;)>273 
760.(273+0  •^^^•^^^•«-     ^^ 

and  from  this  the  per  cent,  of  SO,  in  the  gas  can  be  calculated: 

yi:11.19=100:x 

a;=-yr-  =per  cent.  SO,. 

Other  examples  of  gas  analyses  in  which  the  absorbed  con- 
stituent is  estimated  by  titration  were  given  in  the  determination 
of  the  hydrogen  sulphide  in  gas  mixtures  (cf.  p.  268)  and  in  the 
determination  of  carbonic  acid  in  the  atmosphere  by  the  method 
of  Pettenkofer  (cf.  p.  475). 

3.  Determination  of  Ethylene,  according  to  Haber. 

The  principle  of  this  method  was  discussed  on  p.  669.  The 
determination  is  effected  in  the  Bunte  burette  (cf.  p.  607,  Fig. 
94). 

First,  the  contents  of  the  lower  portion  of  the  burette  from 
the  lowest  scale  division  to  the  cock  is  determined  by  weighing 
the  water  drawn  from  between  these  points,  after  allowing  the 
burette  to  drain.  Then  about  90  c.c.  of  the  gas  to  be  examined 
are  placed  in  the  burette  and  the  thermometer  and  barometer 
readings  are  taken.  Then,  exactly  as  described  on  p.  606,  the 
liquid  is  sucked  down  to  the  stop-cock,*  a  little  bromine  water 

*  After  about  one  minute  liquid  will  collect  above  the  stop-cock,  owing 
to  the  drainage  of  the  liquid  from  the  sides  of  the  burette;  this  is  removed  be- 
fore adding  the  bromine. 


620  C/1S  ANALYSIS. 

is  poured  into  a  small  evaporating-dish,  about  10  c.c.  of  the 
liquid  are  allowed  to  rise  into  the  burette,  and  in  order  to  wash 
the  bromine  water  from  the  tip  into  the  burette,  2  or  3  c.c.  of 
water  are  added. 

The  walls  of  the  burette  are  now  thoroughly  wet  with  the 
bromine  water  by  suitably  turning  and  inclining  the  tube,  and 
in  this  way  the  acetylene  is  quickly  absorbed.  In  order  to  de- 
termine the  excess  of  bromine,  a  strong  solution  of  potassium 
iodide  is  allowed  to  rise  into  the  burette,  and  the  contents  of 
the  latter  are  vigorously  shaken.  The  liquid  is  then  run  out 
into  an  Erlenmeyer  flask,  the  burette  is  carefully  washed  out 

N 
with  water  and  the  deposited  iodine  is  titrated  with  -ttt  sodiimi 

thiosulphate  solution.    The  titre  of  the  bromine  water  added 

is  next  determined  by  pouring  a  little  into  a  porcelain  dish, 

pipetting  off  10  c.c.  of  it,  allowing  this  amount  to  run  into  a 

solution  of  potassium  iodide  and  titrating  the  liberated  iodine  with 

N 

—  sodium  thiosulphate  solution. 

The  method  of  calculating  the  results  will  be  illustrated  best 
by  means  of  a  single  example. 

Example, — ^A  gas  consisting  of  90  volumes  of  air  and  10  volumes 
of  ethylene  was  used  for  the  analysis. 

Taken  for  analysis,  91.2  c.c.  of  the  mixture. 

Temperature,  18.3®  C. 

Barometer  reading,  623  mm. 

Tension  of  aqueous  vapor  at  18.3®  C.  =  15.6  mm.  mercury. 

Volume  of  the  ungraduated  portion  of  the  burette. . .     6.10  c.c. 
Reading  of  the  bromine  water  in  the  graduated  part. .   10.00  '* 

Bromine  water  used , 16.10  c.c. 

Titre  of  the  bromine  water: 

N 
10  c.c.  of  the  bromine  water  correspond  to  12.0  c.c.  -jt:  sodium 

thiosulphate  solution,  so   that  16.10  c.c.  of  bromine  water  are 

N 
equivalent  to  19.32  c.c.  of  —  sodium  thiosulphate. 
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We  have  now: 

N 
16.1  C.C.  bromine  water « 19.32  c.c.  —  solution. 

16.1  c.c.  bromine  water+ ethylene  =12  23    "    "         '* 

The  ethylene  corresponds  to 7.09    "    "        " 

Since  the  absorption  of  the  ethylene  by  the  bromine  water 
takes  place  according  to  the  equation 

Cya,4-Br2=(yi,Br, 

it  follows  that 

^       ^  N 

2Br«2I=20,000  c.c.  -j^  sodium  thiosulphate  solution =22,391 

N 
<5.c.  ethylene,  and  since  1  c.c.  —  sodium  thiosulphate  corresponds 

N 
to  1.1195  c.c.  C2H4,  the  7.09  c.c.  of  t^  solution  used  represent 

7.09X1.1195=7.94  c.c.  C^H^  at  0°  C.  and  760  mm.  pressure,  or  9,10 
c.c.  CjH^  at  18.3°  C.  and  725  mm.,  measured  moist. 
The  gas  consists,  therefore,  of: 


^*=  ^A  and  m  per  cent.  iCA  =  10.0  per  cent, 
ir  =82.1)  *^  (Air   =90.0    "      " 

91.2  100.0  per  cent. 


This  method  is  especially  suited  for  the  determination  of  ethylene 
present  with  benzene  [  in  illuminating-gas.  In  one  sample  the 
sum  of  the  two  gases  is  determined  by  absorption  with  fuming 
sulphuric  acid  or  bromine  water,  and  in  a  second  sample  the 
ethylene  is  determined  as  described  above. 

Gas-Volumetric  Methods. 

If  in  consequence  of  a  chemical  reaction  a  gas  is  evolved,  from 
the  volume  of  the  latter  the  weight  of  the  original  substance  may 
be  determined. 

Examples  of  this  sort  of  an  analysis  were  given  under  the 
determination  of  CO,  in  carbonates  (pp.  301,  304,  309),  the  carbon 
contents  of  iron  and  steel  (pp.  319  and  321),  and  the  NO3  in  nitrates 
(p.  360). 
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At  this  place  a  few  more  important  deteiminations  of  the  same 
nature  will  be  described. 

Determination  of  Ammonia  in  Ammonium  Salts. 

The  following  method,  first  proposed  by  Knop*  and  later 
modified  by  P.  Wagner^t  depends  upon  the  fact  that  ammonia 
is  oxidized  by  sodium  h3rpobromite  with  evolution  of  nitrogen: 

2NH,+3NaOBr=3HjO+3NaBr+N,. 

The  nitrogen  is  collected  in  an  azotometer  and  measured. 

If  the  amount  of  the  ammonia  be  calculated  from  the  volume 
of  the  nitrogen,  too  low  results  will  be  obtained,  and  this  fact 
was  formerly  explained  by  the  assumption  that  a  part  of  the 
nitrogen  was  absorbed  as  such  by  the  alkaline  bromine  solution. 
To-day,  however,  we  know  that  such  is  not  the  case.  At  ordinary 
temperatures  all  of  the  ammonia  is  not  oxidized  according  to 
the  above  equation  to  water  and  nitrogen,  but  a  small  amount 
of  ammonium  hypobromite  is  formed;  for  this  reason  too  little 
nitrogen  is  obtained  in  the  azotometer.  If,  on  the  other  hand^ 
the  decomposition  takes  place  at  100®  C,  the  reaction  goes  quantu 
tatively  according  to  the  equation.  It  is  inconvenient  to  work 
at  such  a  high  temperature,  so  that  it  is  more  practical  to  make 
a  correction  to  the  volume  of  nitrogen  obtained  at  ordinary  tem- 
peratures. 

Reagents  and  apparatus  required : 

1.  An  ammonium  chloride  solution,  obtained  by  dissolving 
8.3674  gms.  of  the  pure  sublimed  salt  in  water  and  diluting  to 
500  C.C. 

10  C.C.  of  thjs  solution  evolve  at  0*^  C.  and  760  mm.  pressure 
35  c.c.  of  nitrogen  if  the  reaction  takes  place  according  to  the 
equation. 

2.  Sodium  hypobromite  solutioh.  100  gms.  of  so3ium  hy- 
droxide are  dissolved  in  water,  diluted  to  1250  c.c.  and  after 
cooling  by  placing  the  flask  in  cold  water,  25  c.c.  of  bromine 

*  Chem.  CentialbL,  1860,  p.  243. 

t  Zeitschp.  f.  anal.  Chem.,  Xni  (1874),  p.  383;  XV  (1876),  p.  250. 
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are  added,  the  contents  of  the  flask  vigorously  shaken  and  again 
cooled. 

This  solution  must  be  preserved  in  a  stoppered  bottle  and 
protected  from  the  action  of  light. 

3.  An  azotometer.  Instead  of  the  azotometer  of  Wagner,* 
Lunge's  Universal  Apparatus  (Fig.  50,  6,  p.  305)  or  any  such  meas- 
uring instrument  may  be  used. 

Procedure, — ^Ten  c.c.  of  the  standard  ammonium  chloride  solu- 
tion are  placed  in  the  small  Wagner  decomposition-bottle  (Fig. 
50,  a,  p.  305)  while  40  to  50  c.c.  of  the  hypobromite  solution 
are  poured  into  the  glass  L  (which  is  fused  to  the  bottom  of 
the  bottle  H).  The  bottle  is  then  connected  with  the  measuring- 
tube  ^,t  which  is  entirely  filled  with  mercury,  h  opened  and  the 
levelling-tube  B  lowered.  The  bottle  H  is  inclined  so  that  some 
of  the  hypobromite  solution  comes  in  contact  with  the  solution 
of  ammonium  chloride  and  the  two  liquids  are  mixed  by  gentle 
shaking.  A  hvely  evolution  of  nitrogen  at  once  takes  place  and 
the  liquid  becomes  heated.  As  soon  as  the  action  ceases,  more  of 
the  hypobromite  solution  is  allowed  to  act  upon  the  ammonium 
salt  and  the  process  is  repeated  until  finally  all  of  the  h3rpobromite 
is  in  the  outer  part  of  H,  As  soon  as  no  more  gas  is  evolved 
by  shaking,  the  decomposition-bottle  is  placed  in  water  at  the 
room  temperature  and  after  allowing  it  to  stand  ten  minutes, 
the  volume  of  the  nitrogen  is  read  under  the  conditions  de- 
scribed on  p.  306.  The  volume  of  nitrogen  at  0®  and  760  mm. 
thus  found  will  be  smaller  than  the  theoretical  value  of  35  c.c, 
but  it  corresponds  to  the  amount  of  ammonia  contained  in  10  c.c, 
of  the  ammonium  chloride  solution,  i.e.,  0.05337  gm.  NH,. 

A  number  of  such  determinations  are  carried  out  and  the  mean 
of  the  results  obtained  is  taken  for  the  correct  value. 

After  this,  some  of  the  ammonium  salt  to  be  analyzed  is  weighed 
out,  dissolved  in  water,  and  diluted  so  that  10  c.c.  of  the  solution 
will  contain  approximately  the  same  amount  of  ammonia  as  in 
the  case  of  the  standard  solution.    Then  if,  for  example,  from 

*  Loc,  cU. 

t  The  contents  of  the  decomposition-bottle  are  previously  cooled  to  the 
room  temperature  before  the  cock  b  is  connected  with  it. 
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a  gms.  of  an  ammonium  salt,  V  c.c.  of  nitrogen  at  0^  G.  and  760 
mm.  pressure  were  found,  we  have: 

y :  71=  0.05336  :x 


and  in  per  cent.: 


FiX  0.05336 
x--^^ 


FiX 5.336  ^  .,„ 

— *^=7 =  per  cent.  NH.. 

V-a  ' 


Remark. — ^The  results  obtained  by  this  method  agree  exactly 
with  those  obtained  by  the  distillation  method  described  on  p.  55. 
Only  with  substances  containing  sulphocyanates  are  the  results 
obtained  too  high;  in  this  case  the  sulphocyanate  is  decomposed 
by  the  alkaline  h3rpobromite  solution  with  evolution  of  nitrogen 
and  carbon  monoxide.* 

Consequently,  the  above  method  affords  uncertain  results  in 
the  analysis  of  the  ammonia  in  gas  liquors. 

Urea  is  decomposed  by  the  alkaline  hypobromite  sohition 
according  to  the  equation 

CO(NH,),+3NaOBr=3NaBr+CO,+N,+2HA 

so  that  it  can  be  determined  in  the  same  way  as  ammonium  salts, 
the  carbon  dioxide  produced  by  the  decomposition  being  kept  back 
by  means  of  caustic  soda  solution. 

Determination  of  Nitrous  and  Nitric  Acids. 

Principle, — ^If  a  solution  of  a  nitrite  or  nitrate  be  shaken 
with  mercury  and  an  excess  of  sulphuric  acid,  all  of  the  nitrogen 
is  set  free  as  nitric  oxide: 

2HNO,+2Hg+  H2SO,=2HjO+  Hg2S04+2NO, 
2HNO3 + 6Hg + 3H,S04 = 4H2O + 3Hg^04 + 2N0. 

From  the  volume  of  the  nitric  oxide,  the  weight  of  the  nitrate 
or  nitrite  is  computed. 

The  analysis  is  best  performed  in  a  Lunge  nitrometer.f  The 
latter  is  a  Bunte  burette,  in  which  the  lower  stop-cock  is  lacking  and 

♦  Doimth  and  Pollak,  Zeitschr.  f,  angew.  Chem..  1897,  p,  555i 

t  Berichte,  1890,  p.  440,  and  Zeitschr.  fur  angew.  ChenL,  1890,  p,  139. 
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the  lower  end  of  which  is  connected  with  a  levelling-tube  containing 
mercury.  By  raising  the  latter,  the  nitrometer  (which  need  not 
be  graduated)  is  entirely  filled  with  mercury  and  the  two-way 
cock  under  the  funnel  is  closed.  Then  a  weighed  amount  of  the 
substance  dissolved  in  a  little  water  is  placed  in  the  funnel,  the 
levelling-tube  lowered,  and  the  solution  introduced  into  the 
nitrometer  by  carefully  opening  the  cock,  the  funnel  being  finally 
washed  out  four  times  with  two  or  three  c.c.  of  concentrated 
sulphuric  acid.  The  decomposition-tube  is  now  taken  out  of 
the  frame^  it  is  placed  several  times  ih  a  nearly  horizontal  position 
and  then  quickly  changed  to  a  vertical  position.  By  this  means 
the  mercury  becomes  intimately  mixed  with  the  acid  and  the 
•decomposition  at  once  begins.  The  shaking  is  continued  one  or 
two  minutes  imtil  there  seems  to  be  no  further  increase  in  the 
volume  of  the  liberated  gas.  The  decomposition  vessel  is  then 
connected  by  means  of  a  short  piece  of  rubber  tubing  with  the 
gas-burette  filled  with  mercury,  the  nitric  oxide  is  transferred 
to  the  latter,  and  its  volume  read  after  reducing  it  to  the  standard 
conditions  by  means  of  the  gas-compensation  tube.  (Cf.  p.  305, 
Fig.  50.) 

If  in  an  analysis  a  gms.  of  a  nitrate  were  taken  and  Vq  c.c. 
of  NO  were  obtained,  we  have: 

(NO,) 

22,391  c.c.:62.04«yo:« 


VqX  62.04 

^"    22391 
-and  in  per  cent.: 


gms.  NO, 


6204    T„    .^ Vo 


X— =0.27707 X—=  per  cent.  NO,. 


22391     a  a 

Remark, — For  the  analysis  of  *'nitrose,"  *  the  author  knows  of 
no  method  which  affords  such  exact  results. 

Hydrogen  Peroxide  Methods. 

Hydrogen  peroxide  is  oxidized  by  means  of  a  number  of  different 
substances,  giving  up  all  of  the  oxygen;  twice  as  much  oxygen  is 
evolved  as  is  obtained  from  the  oxidizing  agent: 

x6+HA=^+HjO+0,. 


*Cf.,Vol.  I..p. 
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Since,  however,  hydrogen  peroxide  itself  slowly  decomposes 
on  standing  (the  decomposition  being  measurable  on  shaking 
and  quite  considerable  by  shaking  in  the  presence  of  solid  sub- 
tances  (sand,  etc.));  it  follows  that  in  the-following  methods  no 
great  excess  of  hydrogen  peroxide  should  be  used,  and  long-con- 
tinued shaking  must  be  avoided. 

Standardization  of  Permanganate  Solutions. 

The  determination  is  best  made  according  to  Lunge  in  a  gas 
voliuneter  (p.  305,  Fig.  50).  In  order  to  obtain  correct  results, 
however,  it  is  absolutely  necessary  that  no  excess  of  hydrogen 
^peroxide  be  present.  Consequently  it  is  necessary  to  determine 
by  means  of  a  preliminary  experiment  the  exact  value  of  the 
permanganate  solution  in  terms  of  the  HjO,  solution  used.  Then 
a  measured  amount  of  the  latter  is  placed  in  the  outside  part  of 
the  Wagner  decomposition-bottle  and  30  c.c.  of  dilute  sulphuric 
acid  (1:5)  are  added.  After  this,  the  exact  amount  of  hydro- 
gen peroxide  required  for  the  decomposition  of  the  permanganate 
is  introduced  into  the  inner  part  of  the  bottle  and  the  latter 
is  connected  with  the  measuring-tube,  which  is  filled  with  mercury, 
the  cock  b  being  removed  for  the  time  being,  but  it  is  replaced  at 
the  end  of  two  or  three  minutes  and  turned  to  the  position  shown 
in  the  figure. 

The  two  liquids  are  then  mixed,  taking  care  to  hold  the  decom- 
position-flask so  that  its  contents  will  not  be  warmed  by  the  heat 
of  the  hand,  inclining  it  to  an  angle  of  about  90®  with  the  vertical, 
and  shaking  for  exactly  one  minute.  While  the  oxygen  is  being 
evolved,  care  must  be  taken  that  the  gas  in  the  eudiometer  is 
under  reduced  pressure.  At  the  end  of  the  decomposition,  the 
gas  is  placed  under  atmospheric  pressure,  b  is  closed,  and  by  means 
of  the  compensation-tube,  the  volume  of  the  gas  is  reduced  to 
what  it  would  be  at  0°  C.  and  760  mm.  pressure,  as  described  on 
p.  306. 

One-half  of  the  observed  volume  corresponds  to  the  amount 
of  oxygen  given  up  by  the  potassium  permanganate.  This  number 
multiplied  by  0.001429  gives  the  weight  of  the  oxygen  obtained 
from  the  permanganate. 
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Remark. — ^The  amount  of  pennanganate  to  be  taken  .'or  the 

experiment  is  detennined  by  the  size  of  the  measuring-tube.    If 

N 
the  latter  has  a  capacity  of  150  cc,  15  c.c.  of  a  ~    solution 

o 

N 
or  40  to  50  c.c.  of  a  ttt  solution  should  be  taken. 

10 

The  hydrogen  peroxide  used  should  not  be  too  concentrated; 

it  should  be  about  a  2  per  cent,  solution.    The  active  oxygen 

present  in  a  sample  of  pyrolusite  *  may  be  determined  by  the 

same  procedure. 

Determination  of  Cerium  in  Soluble  Ceric  Salts. 

If  hydrogen  peroxide  is  added  to  an  acid  solution  of  a  soluble 
ceric  salt,  the  latter  is  reduced  with  evolution  of  oxygen: 

2CeOj + H,0, = CejO, + HjO + O,. 

The  determination  is  effected  in  precisely  the  same  way  as 
was  described  above  in  the  standardization  of  the  pennanganate 
solution.  If  half  the  volume  of  liberated  oxygen  is  multiplied 
by  0.030514,  the  product  represents  the  corresponding  amount 

of  CeOjt 

Remark. — If  a  large  excess  of  hydrogen  peroxide  is  avoided 
in  the  above  analysis,  satisfactory  results  will  be  obtained. 

For  other  determinations  of  this  sort,  consult  **  Lunge's  Alkali 
Makers'  Handbook"  and^Hempel's  Gas- Analytical  Methods." 


*  Lunge's  Alkali  Makers*  Handbook. 

t  Assuming  that  the  atomic  weight  of  Ce«  138.81. 
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SPECIFIC  GRAVITY  OF  STRONG  ACIDS  AT  ^  IN  VACUO. 

(According  to  G.  Lunqb.) 


Specific 
Gravity 

Percent,  by  Weight. 

Specific 
Gravity 

Per  Cent,  by  Weight. 

•t  -^5 

(Vacuo). 

Ha. 

HNOa 

UsB04. 

(Vacuo). 

HNO.. 

H3SO4. 

1.000 

0.16 

0.10 

0.09 

1.235 

37.53 

31.70 

1.005 

1.15 

1.00 

0.83 

1.240 

38.29 

32.28 

1.010 

2.14 

1.90 

1.57 

1.245 

39.05 

32.86 

1.015 

3.12 

2.80 

2.30 

1.250 

38.82 

33.43 

1.020 

4.13 

3.70 

3.03 

1.255 

40.58 

34.00 

1.025 

5.15 

4.60 

3.76 

1.260 

41.34 

34.57 

1.030 

6.15 

5.50 

4.49 

1.265 

42.10 

35.14 

1.035 

7.15 

6.38 

5.23 

1.270 

42.87 

35.71 

1.040 

8.16 

7.26 

5.96 

1.275 

43.64 

36.29 

1.045 

9.16 

8.13 

6.67 

1.280 

44.41 

36.87 

1.050 

10.17 

8.99 

7.37 

1.285 

45.18 

37.45 

1.055 

11.18 

9.84 

8.07 

1.290 

45.95 

38.03 

1.060 

12.19 

10.68 

8.77 

1.295 

46.72 

38.61 

1.065 

13.19 

11.51 

9.47 

1.300 

47.49 

39.19 

1.070 

14.17 

12.33 

10.19 

1.305 

48.26 

39.77 

1.075 

15.16 

13.15 

10.90 

1.310 

49.07 

40.35 

1.080 

16.15 

13.95 

11.60 

1.315 

49.89 

40.93 

1.085 

17.13 

14.74 

12.30 

1.320 

50.71 

41.50 

1.090 

18.11 

15.53 

12.99 

1.325 

51.53 

42.08 

1.095 

19.06 

16.32 

13.67 

1.330 

52.37 

42.66 

1.100 

20.01 

17.11 

14.35 

1.335 

53.22 

43.20 

1.105 

20.97 

17.89 

15.03 

1.340 

54.07 

43.74 

1.110 

21.92 

18.67 

15.71 

1.345 

54.93 

44.28 

1.115 

22.86 

19.45 

16.36 

1.350 

55.79 

44.82 

1.120 

23.82 

20.23 

17.01 

1.355 

56.66 

45.35 

1.125 

24.78 

21.00 

17.66 

1.360 

57.57 

45.88 

1.130 

25.75 

21.77 

18.31 

1.365 

58.48 

46.41 

1.135 

26.70 

22.54 

18.96 

1.370 

59.39 

46.94 

1.140 

27.66 

23.31 

19.61 

1.375 

60.30 

47.47 

1.145 

28.61 

24.08 

20.26 

1.380 

61.27 

48.00 

1.150 

29.57 

24.84 

20.91 

1.385 

62.24 

48.53 

1.155 

30.55 

25.60 

21.55 

1.390 

63.23 

49.06 

1.160 

31.52 

26.36 

22.19 

1.395 

64.25 

49.59 

1.165 

32.49 

27.12 

22.83 

1.400 

65.30 

50.11 

1.170 

33.46 

27.88 

23.47 

1.405 

66.40 

50.63 

1.175 

34 .  42 

28.63 

24.12 

1.410 

.67.50 

51 .  15 

1.180 

35.39 

29.38 

24.76 

1.415 

68.63 

51.66 

1.185 

36.31 

30.13 

25.40 

1.420 

69.^0 

52.15 

1.190 

37.23 

30.88 

26.04 

1.425 

70.98 

52.63 

1.195 

38.16 

31.62 

26.68 

1.430 

72.17 

53.11 

1.200 

39.11 

32.36 

27.32 

1.435 

73.39 

53.59 

1.205 

33.09 

27.95 

1.440 

74.68 

54.07 

1.210 

33.82 

28.58 

1.445 

75.98 

54.55 

1.215 

34.55 

29.21 

1.450 

77.28 

55.03 

1.220 

35.28 

29.84 

1.455 

78.60 

55.50  * 

1.225 

36.03 

30.48 

1.460 

79. 98 

55.97 

1.230 

36.78 

31.11 

1.465 

81.42 

56.43 
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SPECIFIC  GRAVITY  OF  STRONG  ACIDS  AT  ^   IN    VACUO.— Con/. 

(According  to  G.  Lunoe.) 


Specific 
Gravity 
15» 

Per  Cent,  by  Weight. 

Specific 
Gravity 
15° 

Per  Cent. 

by 
Weight. 

Specific 
Gravity 
15» 

PtorCant. 

by 
Weight. 

'*T* 

»t^ 

»t^ 

(Vacuo). 

HNO,. 

H2SO4. 

(Vacuo). 

H2S04. 

(Vacuo). 

1 

HjSOv 

1.470 

82.90 

56.90 

1.610 

69.43 

1     1.750 

81.56 

1.475 

84.45 

57.37 

1.615 

69.^9 

1.755 

82.00 

1.480 

86.05 

57.83 

1.620 

70.32 

1.760 

82.44 

1.485 

87.70 

58.28 

1.625 

70.74 

1.765 

82.88 

1.490 

89.60 

58.74 

1.630 

71.16 

1.770 

83.32 

1.495 

91.60 

59.22 

1.635 

71.57 

1.775 

83.90 

1.500 

94.09 

69.70 

1.640 

71.99 

1.780 

84.50 

1.505 

96.39 

60.18 

1.645 

72.40 

1.785 

85.10 

1.510 

98.10 

60.65 

1.650 

72.82 

1.790 

85.70 

1.515 

99.07 

61.12 

1.655 

73.23 

1.795 

86.30 

1.520 

99.67 

61.59 

1.660 

73.64 

1.800 

86.90 

1.525 

62.06 

1.665 

74.07 

1.805 

87.60 

1.530 

62.53 

1.670 

74.51 

1.810 

88.30 

1.535 

63.00 

1.675 

74.97 

1.815 

89.05 

1.540 

63.43 

1.680 

75.42 

1.820 

90.05 

1.545 

63.85 

1.685 

75.86 

1.825 

91.00 

1.550 

64.26 

1.690 

76.30 

1.830 

92.10 

1.555 

64.67 

1.695 

76.73 

1.835 

93.43 

1.560 

65.08 

1.700 

77.17 

1.840 

95.60 

1.565 

65.49 

1.705 

77.60 

1.8405 

95.95 

1.570 

65.90 

1.710 

78.04 

18410 

97.00 

1.575 

66.30 

1.715 

78. 4S 

1.8415 

97.70 

1.580 

66.71 

1.720 

78.92 

1.8410 

98.20 

1.585 

67.13 

1.725 

79.36 

1.8405 

98.70 

1.590 

67.59 

1.730 

79.80 

1.8400 

99.20 

1.595 

68.05 

1.735 

80.24 

1.8395 

99.45 

1.600 

68.51 

1.740 

80.68 

1.8390 

99.70 

1.605 

68.97 

1.745 

81.12 

1.8385 

99.95 
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SPECIFIC  GRAVITY  OF  POTASSIUM  AND  SODIUM  HYDROXIDE 

SOLUTIONS  AT  15*»  C. 


Specific 

Per  CJent. 

Per  CJent. 

Specific 

Per  Cent. 

Per  Cent. 

Gravity. 

KOH. 

NmOH. 

Graviiy. 

KOH. 

NaOH. 

1.007 

0.9 

0.61 

1.252 

27.0 

22.64 

1.014 

1.7 

1.20 

1.263 

28.2 

23.67 

1.022 

2.6 

2.00 

1.274 

28.9 

24.81 

1.029 

3.5 

2.71 

1.2^5 

29.8 

26.80 

1.037 

4,5 

3.35 

1.297 

30.7 

26.83 

1.046 

6.6 

4.00 

1.308 

31.8 

27.80 

1.052 

6.4 

4.64 

1.320 

32.7 

28.83 

1.060 

7.4 

5.29 

1.332 

33.7 

29.93 

1.067 

8.2 

5.87 

1.346 

34.9 

31.22 

1.076 

9.2 

6.55 

1.367 

35.9 

32.47 

1.083 

10.1 

7.31 

1.370 

36.9 

33.69 

1.091 

10.9 

8.00 

1.3«3 

37.8 

34.96 

1.100 

12.0 

8. 68 

1.397 

38.9 

36.26 

1.108 

12.9 

9.42 

1.410 

39.9 

37.47 

1.116 

13.8 

10.06 

1.424 

40.9 

38.80 

1.126 

14.8 

10.97 

1.438 

42.1 

39.99 

1.134 

15.7 

11.84 

1.453 

43.4 

41.41 

1.142 

16.5 

12.64 

1.468 

44.6 

42.83 

1.152 

17.6 

13 .  65 

1.483 

46.8 

44.38 

1.162 

18.6 

14.37 

1.498 

47.1 

46.16 

1.171 

19.5 

15.13 

1.514 

48.3 

47.60 

1.180 

20.6 

15.91 

1.530 

49.4 

49.02 

1.190 

21.4 

16.77 

1.546 

50.6 

^ 

1.200 

22.4 

17.67 

1.663 

51.9 

— 

1.210 

23.3 

18.58 

1.680 

53.2 

— 

1.220 

24.2 

19.58 

1.597 

54.6 

— 

1.231 

25.1 

20.59 

1.615 

55.9 

— 

1.241 

26.1 

21.42 

1.634 

67.5 

^■^■* 

SPECIFIC  CR/iyiTY  OF  AMMONIA  SOLUTIONS. 


631 


SPECIFIC  GRAVITY  OF  AMMONIA  SOLUTIONS  AT   15**  C. 

(According  to  Lunob  and  Wiernik.) 


Specific  Gravity. 

Fte>  Cent.  NH3. 

Specific  Gravity. 

Per  Cent.  NH*. 

1.000 

0.00 

0.940 

15.63 

0.998 

0.45 

0.938 

16.22 

0.996 

0.91 

0.936 

16.82 

0.994 

1.37 

0.934 

17.42 

0.992 

1.84 

0.932 

18.03 

0.990 

2.31 

0.930 

18.64 

0.988 

2.80 

0.928 

19.25 

0.986 

3.30 

0.926 

19.87 

0.984 

3.80 

0.924 

20.49 

0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

0.978 

5.30 

0.918 

22.39 

0.976 

5.80 

0.916 

23.03 

0.974 

6.30 

0.914 

23.68 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.968 

7.82 

0.908 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

0.904 

26.98 

0.962 

9.35 

0.902 

27.65 

0.960 

9.91 

0.900 

28.33 

0.958 

10.47 

0.898 

29.01 

0.956 

11.03 

0.896 

29.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

31.05 

0.950 

12.74 

0.890 

31.75 

0.948 

13.31 

0.888 

32.50 

0.946 

13.88 

0.886 

33.25 

0.944 

14.46 

0.884 

34.10 

0.942 

15.04 

0.882 

34.95 

032 

APPENDIX. 

TENSION  OF  WATER  VAPOR  ACCORDING  TO  REGNAULT. 

Da^. 

Tension  in 
Millimeters. 

Defuees, 

Tension  in 
MiUimeters. 

De^. 

Tension  in 
Millimeters. 

-2.0 

3.9:5 

+2.0 

5.302 

+6.0 

6.998 

1.9 

3.985 

2.1 

5.340 

6.1 

7.047 

1.8 

4.016 

2.2 

5.378 

6.2 

7.095 

1.7 

4.047 

2.3 

5.416 

6.3 

7.144 

1.6 

4.078 

2.4 

5.454 

6.4 

7.193 

1.5 

4.109 

2.5 

5.491 

6.5 

7.242 

1.4 

4.140 

2.6 

5.530 

6.6 

7.292 

1.3 

4.171 

2.7 

5.560 

6.7 

7.342 

1.2 

4.203 

2.8 

5.608 

6.8 

7.392 

1.1 

4.235 

2.9 

5.647 

6.9 

7.442 

1.0 

4.267 

3.0 

5.687 

7.0 

7.492 

0.9 

4.299 

3.1 

5.727 

7.1 

7.644 

0.8 

4.331 

3.2 

5.767 

7.2 

7.595 

0.7 

4.364 

3.3 

5.807 

7.3 

7.647 

0.6 

4.397 

3.4 

5.848 

7.4 

7.69» 

0.5 

4.430 

3.5 

5.889 

7.5 

7.761 

0.4 

4.463 

3.6 

5.930 

7.6 

7.804 

0.3 

4.497 

3.7 

5.972 

7.7 

7.857 

0.2 

4.531 

3.8 

6.014 

7.8 

7.910 

0.1 

4.565 

3.9 

6.055 

7.9 

7.964 

0.0 

4.600 

4.0 

6.097 

8.0 

8.017 

+0.1 

4.633 

4.1 

6.140 

8.1 

8.072 

0.2 

4.667 

4.2 

6.183 

8.2 

8.125 

0.3 

4.700 

4.3 

6.226 

8.3 

8.181 

0.4 

4.733 

4.4 

6.270 

8.4 

8.236 

0.6 

4.767 

4.5 

6.313 

8.5 

8.291 

0.6 

4.801 

4.6 

6.357 

8.6 

8.347 

0.7 

4.836 

4.7 

6.401 

8.7 

8.404 

0.8 

4.871 

4.8 

6.445 

8.8 

8.461 

0.9 

4.905 

4.9 

6.490 

8.9 

8.517 

1.0 

4.940 

5.0 

6.534 

9.0 

8.574 

1.1 

4.975 

5.1 

6.580 

9.1 

8.632 

1.2 

5.011 

5.2 

6.625 

9.2 

8.690 

1.3 

5.047 

5.3 

6.671 

9.3 

8.748 

1.4 

5.082 

5.4 

6.717 

9.4 

8.807 

1.5 

5.118 

5.5 

6.763 

9.5 

8.865 

1.6 

5.155 

5.6 

6.810 

9.6 

8.926 

1.7 

5.191 

5.7 

6.857 

9.7 

8.985 

1.8 

5.228 

5.8 

6.904 

9.8 

9.045 

1.9 

5.265 

1 

5.9 

6.951 

9.9 

1 

9.105 

TENSION  OF  fVATER   VAPOR. 
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TENSION  OF  WATER  VAPOR.— Continued. 


DOfUMB) 

TenBionin 
Millimfltera. 

Degreofl, 
C. 

TenMon  in 
Millimeters. 

De^ 

TeDflion  in 
Miltimeteca 

+  10.0 

9.165 

+  14.0 

11.903 

+  18.0 

16.357 

10.1 

9.227 

14.1 

11.986 

18.1 

15  454 

10.2 

9.2S8 

14.2 

12.064 

18.2 

15.552 

10.3 

9.350 

14.3 

12.142 

18.3 

15.650 

10.4 

9.412 

14.4    • 

12.220 

18.4 

15.747 

10.5 

9.474 

14.5 

12.298 

18.5 

15.845 

10.6 

9.537 

14.6 

12.378 

18.6 

15.945 

10.7 

9.601 

14.7 

12.45S 

18.7 

16.045 

10.8 

9.665 

14.8 

12.538 

18.8 

16.145 

10.9 

9.723 

14.9 

12.619 

18.9 

16.246 

11.0 

9.792 

15.0 

12.699 

19.0 

16.346 

11.1 

9.857 

15.1 

12.781 

19.1 

16.449 

11.2 

9.923 

15.2 

12.864 

19.2 

16.552 

11.3 

9.989 

15.3 

12.947 

19.3 

16.655 

11.4 

10.054 

15.4 

13.029 

19.4 

16.758 

11.5 

10.120 

15.5 

13.112 

19.5 

16.861 

11.6 

10.187 

15.6 

13.197 

19.6 

16.967 

11.7 

10.255 

15.7 

13.281 

19.7 

17.073 

11.8 

10.322 

15.8 

13.366 

19.8 

17.179 

11.9 

10.389 

15.9 

13.451 

19.9 

17.-285 

12.0 

10.457 

16.0 

13.536 

20.0 

17.391 

12.1 

10.526 

16.1 

13.623 

20.1 

17.500 

12.2 

10.506 

16.2 

13.710 

20.2 

17.608 

12.3 

10.665 

16.3 

13.797 

20.3 

17.717 

12.4 

10.734 

16.4 

13.885 

20.4 

17.826 

12.5 

10.804 

16.5 

13.972 

20.5 

17.936 

12.6 

10.875 

16.6 

14.062 

20.6 

18.047 

12.7 

10.947 

16.7 

14.151 

20.7 

18.159 

12.8 

11.019 

16.8 

14.241 

20.8 

18.271 

12.9 

11.090 

16.9 

14.331 

20.9 

18.383 

13.0 

11.162 

17.0 

14.421 

21.0 

18.496 

13.1 

11.235 

17.1 

14 . 513 

21.1 

18  610 

13.2 

11.309 

17.2 

14.605 

21.2 

18.724 

13.3 

11.383 

17.3  . 

14.697 

21.3 

18.839 

13.4 

11.456 

17.4 

14.790 

21.4 

18.954 

13.5 

11.530 

17.5 

14.882 

21.5 

19.060 

13.6 

11.605 

17.6 

14.977 

21.6 

19.187 

13.7 

11.681 

17.7 

15.072 

21.7 

19.305 

13.8 

11.757 

17.8 

15.167 

21.8 

19.423 

13.9 

11.832 

17.9 

15.262 

21.9 

19.541 
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APPENDIX. 


TENSION  OF  WATER  VAPOR  ACCORDING  TO  REGNAULT. 


D.^. 

Tension  in 
Millimeters. 

Decrees, 

Tension  in 
Millimeters. 

Decrees, 

Tension  in 
MUlimeters. 

-2.0 

V  .  Ood 

+2.0 

5.302 

+6.0 

6.998 

1.9 

3.985 

2.1 

5.340 

6.1 

7.047 

1.8 

4.016 

2.2 

5.378 

6.2 

7.095 

1.7 

4.047 

2.3 

5.416 

6.3 

7.144 

1.6 

4.078 

2.4 

5.454 

6.4 

7.193 

1.5 

4.109 

2.5 

5.491 

6.5 

7.242 

1.4 

4.140 

2.6 

5.530 

6.6 

7.292 

1.3 

4.171 

2.7 

5.569 

6.7 

7.342 

1.2 

4.203 

2.8 

5.608 

6.8 

7.392 

1.1 

4.235 

2.9 

5.647 

6.9 

7.442 

1.0 

4.267 

3.0 

5.687 

7.0 

7.492 

0.9 

4.299 

3.1 

5.727 

7.1 

7.544 

0.8 

4.331 

3.2 

5.767 

7.2 

7.595 

0.7 

4.364 

3.3 

5.807 

7.3 

7.647 

0.6 

4.397 

3.4 

5.848 

7.4 

7.699 

0.5 

4.430 

3.5 

5.889 

7.5 

7.751 

0.4 

4.463 

3.6 

5.930 

7.6 

7.804 

0.3 

4.497 

3.7 

5.972 

7.7 

7.857 

0.2 

4.531 

3.8 

6.014 

7.8 

7.910 

0.1 

4.565 

3.9 

6.055 

7.9 

7.964 

0.0 

4.600 

4.0 

6.097 

8.0 

8.017 

+0.1 

4.633 

4.1 

6.140 

8.1 

8.072 

0.2 

4.667 

4.2 

6.183 

8.2 

8.126 

0.3 

4.700 

4.3 

6.226 

8.3 

8.181 

0.4 

4.733 

4.4 

6.270 

8.4 

8.236 

0.5 

4.767 

4.5 

6.313 

8.5 

8.291 

0.6 

4.801 

4.6 

6.357 

8.6 

8.347 

0.7 

4.836 

4.7 

6.401 

8.7 

8.404 

0.8 

4.871 

4.8 

6.445 

8.8 

8.461 

0.9 

4.905 

4.9 

6.490 

8.9 

8.517 

1.0 

4.940 

5.0 

6.534 

9.0 

8.674 

1.1 

4.975 

5.1 

6.580 

9.1 

8.632 

1.2 

5.011 

5.2 

6.625 

9.2 

8.690 

1.3 

5.047 

5.3 

6.671 

9.3 

8.748 

1.4 

5.082 

5.4 

6.717 

9.4 

8.807 

1.5 

5.118 

5.5 

6.763 

9.5 

8.865 

1.6 

5.155 

5.6 

6.810 

9.6 

8.925 

1.7 

5.191 

5.7 

6.857 

9.7 

8.985 

1.8 

5.228 

5.8 

6.904 

9.8 

9.045 

1.9 

5.265 

5.9 

6.951 

9.9 

1 

9.105 

TENSION  OF  IVATER  VAPOR. 
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TENSION  OF  WATER  VAPOR.— CofUintKd. 


lJ6ffrB68( 

Tension  in 
MilUmeten. 

Degrees. 
C. 

Tension  in 
Millimeters. 

DeKiees 

Tension  in 
MilHmetecs 

+  10.0 

9.165 

+  14.0 

11.90B 

+  18.0 

15.357 

10.1 

9.227 

14.1 

11.986 

18.1 

15  454 

10.2 

9.2S8 

14.2 

12.064 

18.2 

15.552 

10.3 

9.350 

14.3 

12.142 

18.3 

15.650 

10.4 

9.412 

14.4    * 

12.220 

18.4 

15.747 

10.5 

9.474 

14.5 

12.298 

18.5 

15.845 

10.6 

9.537 

14.6 

12.378 

18.6 

15.945 

10.7 

9.601 

14.7 

12.45S 

18.7 

16.045 

10.8 

9.665 

14.8 

12.538 

18.8 

16.145 

10.9 

9.723 

14.9 

12.619 

18.9 

16.246 

11.0 

9.792 

15.0 

12.699 

19.0 

16.346 

11.1 

9.857 

15.1 

12.781 

19.1 

16.449 

11.2 

9.923 

15.2 

12.864 

19.2 

16.552 

11.3 

9.989 

15.3 

12.947 

19.3 

16.655 

11.4 

10.054 

15.4 

13.029 

19.4 

16.758 

11.5 

10.120 

15.5 

13.112 

19.5 

16.861 

11.6 

10.187 

15.6 

13.197 

19.6 

16.967 

11.7 

10.255 

15.7 

13.281 

19.7 

17.073 

11.8 

10.322 

15.8 

13.366 

19.8 

17.179 

11.9 

10.389 

15.9 

13.451 

19.9 

17. -286 

12.0 

10.457 

16.0 

13.536 

20.0 

17.391 

12.1 

10.526 

16.1 

13.623 

20.1 

17.500 

12.2 

10.506 

16.2 

13.710 

20.2 

17.608 

12.3 

10.665 

16.3 

13.797 

20.3 

17.717 

12.4 

10.734 

16.4 

13.885 

20.4 

17.826 

12.5 

10.804 

16.5 

13.972 

20.5 

17.936 

12.6 

10.875 

16.6 

14.062 

20.6 

18.047 

12.7 

10.947 

16.7 

14.151 

20.7 

18.159 

12.8 

11.019 

16.8 

14.241 

20.8 

18.271 

12.9 

11.090 

16.9 

14.331 

20.9 

18.383 

13.0 

11.162 

17.0 

14.421 

21.0 

18.495 

13.1 

11.235 

17.1 

14.513 

21.1 

18.610 

13.2 

11.309 

17.2 

14.605 

21.2 

18.724 

13.3 

11.383 

17.3  . 

14.697 

21.3 

18.839 

13.4 

11.456 

17.4 

14.790 

21.4 

18.954 

13.6 

11.530 

17.5 

14.882 

21.5 

19.069 

13.6 

11.605 

17.6 

14.977 

21.6 

19.187 

13.7 

11.681 

17.7 

15.072 

21.7 

19.305 

13.8 

11.757 

17.8 

15.167 

21.8 

19.423 

13.9 

11.832 

17.9 

15.262 

21.9 

19.541 
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TENSION  OF  WATER  VAPOR.— Continued. 

Degee.. 

TenMon  in 
Millixneten. 

,  Degrees, 

Tension  in 
Millimeters. 

DdKieeSi 

Tension  in 
Millimeters. 

+  22.0 

19.659 

+  26.0 

24.988 

+30.0 

31.548 

22.1 

19 . 780 

26.1 

26.138 

30.1 

31.729 

22.2 

19.901 

26.2 

25.288 

30.2 

31.911 

22.3 

20.022 

26.3 

25.438 

30.3 

32.094 

22.4 

20.143 

26.4 

25.5S8 

30.4 

32.278 

^2.6 

20.265 

26.6 

25.738 

30.5 

32.463 

22.6 

20.389 

26.6 

25.891 

30.6 

32.660 

22.7 

20 .  514 

26.7 

26.046 

30.7 

32.837 

22.8 

20.639 

26.8 

26.198 

30.8 

33.026 

22.9 

20.763 

26.9 

26.361     1 

1 

30.9 

33.216 

23.0 

20.888 

27.0 

26.506     ' 

31.0 

33.406 

23.1 

21.016 

27.1 

26.663 

31.1 

33.696 

23.2 

21.144 

27.2 

26.820     ! 

31.2 

33.787 

23.3 

21.272 

27.3 

26.978 

31.3 

33.980 

23.4 

21.400 

27.4 

27 . 136 

31.4 

34.174 

23.6 

21.528 

27.6 

27.294 

31.6 

34.368 

23.6 

21.659 

27.6 

27.465 

31.6 

34.664 

23.7 

21 . 790 

27.7 

27.617 

31.7 

34.761 

23.8 

21.921 

27.8 

27.778 

31.8 

34.959 

23.9 

22.053 

27.9 

27.939 

31.9 

36.169 

24.0 

22.184 

28.0 

28.101 

32.0 

36.369 

24.1 

22.319 

28.1 

28.267 

32.1 

36.559 

24.2 

22.453 

28.2 

28.433 

32.2 

35.760 

24.3 

22.588 

28.3 

28.699 

32.3 

36.962 

24.4 

22.723 

28.4 

28.765 

32.4 

36.166 

24.5 

22.868 

28.5 

28.931 

32.6 

36.370 

24.6 

22.996 

28.6 

29.101 

32.6 

36.676 

24.7 

23.136 

28.7 

29.271 

32.7 

36.783 

24.8 

23.273 

28.8 

29.441 

32.8 

36.991 

24.9 

23.411 

28.9 

29.612 

32.9 

37.200 

26.0 

23.550 

29.0 

29.782 

33.0 

37.410 

.25.1 

23.692 

29.1 

29.956 

33.1 

37.621 

25.2 

23.834 

29.2 

30.131 

33.2 

37.832 

26.3 

23.976 

29.3 

30.305 

33.3 

38.046 

26.4 

24.119 

29.4 

30.479 

33.4 

38.268 

25.5 

24 . 261 

29.5 

30.654 

33.6 

38.473 

26.6 

24 . 406 

29.6 

30.833 

33.6 

38.689 

26.7 

24.652 

29.7 

31.011 

33.7 

38.906 

25.8 

24.697 

29.8 

31 . 190 

33.8 

39.124 

26.9 

24.842 

29.9 

31.369 

33.9 

39.344 

HEAT  OP  COMBUSTION  OF  GAS. 
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TENSION  OF  WATER  VAPOR.— Con/inued. 


Demea, 

Tennon, 
Ifillimeten. 

Degae.. 

Tenaioo, 
MilUmeters. 

Denees, 

MilliiiMtAn. 

+34.0 
34.1 
34.2 
34.3 

39.565 
39.786 
40.007 
40.230 

+34.4 
34.5 
34.6 
34.7 

40.455 
40.680     , 
40.907 
41 . 135 

+34.8 
34.9 

35.0 

41.364 
41.595 

41.827 

HEAT  OF  COMBUSTION   OF   1   LITER  OF  GAS  MEASURED   AT 
0*  AND  760  MM.  BAROMETRIC  PRESSURE. 


Gm. 


Carbon  monoxide 

Hydrogen 

Methane 

Ethylene 

Propylene 

Benzol-gas 

Acetylene 

Generator-gas . . . 

Water-gad 

DowBon  g[as 

lUuminating-gas . 


Referred  to 

Qaeeoue  Water 
Calories. 

Liquid  Water 
C)aloriefc 

3,043 

3,043 

2,582 

3,066 

8,524 

9,491 

13,960 

14,930 

20,615 

23,180 

33,815 

35,266 

11,266 

11,705 

about  1,000 

"      3,386 

about  3,700 

"      1,400 

"      5,400 

TABLES  FOR  CALCULATING  ANALYSES. 

DIRECTIONS  FOR  USING  THE  TABLES. 

Assume  that  it  is  desired  to  find  the  per  cent,  of  arsenic  present 
in  an  ore.  For  this  purpose  a  gms.  of  the  ore  are  taken  for  the 
analysis  and  the  arsenic  is  determined  as  Mg^As^O^;  the  ignited 
precipitate  weighed  p  gms.  The  calculation  of  the  arsenic  is 
made  as  follows: 

Mg^Asfij:A82=p:8 


and  in  per  cent. 


Asj 
MgjAsjOj 

g'Ti>r  ^  r^  Xp^lOOiz 

MgjASjOy 

^     lOOAs,  ^^p 
MgjAsjOy    a 


The  last  equation  is  solved  for  x,  after  the  proper  values  for 

jj,  a,  etc.,  have  been  inserted,  with  the  aid  of  logarithms.    From 

100  As 
the  tables,  the  logarithm  of  ^^ — T~n  ^^  taken,  to  it  the  logarithm 

of  p  is  added,  and  from  the  sum  the  logarithm  of  a  is  deducted. 
The  number  corresponding  to  this  difference  (found  in  the  table 
of  antilogarithms)  represents  the  desired  result  in  per  cent. 

Example. — 0.5  gm.  of  mispickel  gave  0.4761  gm.  Mg^As^O^. 
What  is  the  per  cent,  of  arsenic  in  the  ore? 

In  the  following  table  under  the  heading  Sought  we  find 
As,  and  under  Found  we  look  for  MgjA&jOy,  the  form  in  which 

^37 


638  TABLES  FOR  CALCULATION  OF  THE  ANALYSIS. 

the  aisenic  was  detennined,  and  then  fiom  the  column  headed 
Log  we  take  the  logarithm  of  this  factor  multiplied  by  100; 

log.  factorX  100=- 1.6837 
+ log.  0.4761  (p) -^9.6777-10 

1.3614 
+  log.  0.5       (g) =9.6990- 10 

1.6624 
Nimiber= 45.96  per  cent,  arsenic. 

For  most  analytical  computations  the  accompanying  four- 
place  logarithms  are  sufficiently  accurate;  where  greater  accuracy 
is  desired  tables  of  five-  or  even  seven-place  logarithms  may  be 
used. 
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Sought. 

Found. 

Factor. 

Log.* 

Sought. 

Found. 

Factor. 

Log. 

Ag 

A«a 

0.75275 

1.87665 

Ga 

CaO 
CaCO, 
CaSO, 

0.71428 
0.40000 
0.29398 

1.85387 
1.60206 
1.46833 

Al 

^. 

0.53033 
0.22195 

1.72455 
1.34625 

CaO 

CaCOj 
CaSO, 

0.56000 
0.41158 

1.7'I819 
1.61446 

As 

AsA 
M&As,0, 

0.60931 
0.48340 
0.48275 

1 . 784«4 
1.68431 
1.68372 

Cd 

CdO 
CdSO, 

0.87539 
0.53919 

1.94220 
1.73174 

A8,0, 

A«sS. 
Mg»As,0, 

0.80429 
0.63809 
0.63723 

1.90541 
1.80488 
1.80430 

CdO 

Cd 
CdSO, 

1.14235 
0.61594 

2.05780 
1.78954 

AsO, 

AaA 
Aa^. 

0.99927 
0.79278 
0.79171 

1.99968 
1.89915 
1.89856 

a 

CIH 

A«a 
A«a 

0.24724 
0.25429 

1.39313 
1.40533 

CIO, 

AgCl 

Ka 

Naa 

0.58202 
1.11863 
1.42649 

1 . 76494 
2.04869 
2.15427 

A8,0. 

Aa^. 
MfcAs,0, 

0.93427 
0.74122 
0.74022 

1.97047 
1.86995 
1.86936 

ao,K 

AgCl 

iSci 

0.85507 
1.64343 

1.93200 
2.21575 

A80« 

Aa^. 
Mg^8,0, 

1.12925 
0.89590 
0.89469 

2.05279 
1.95226 
1.95167 

aO,Na 

Aga 

NaCl 

0.74278 
1.82051 

1.87086 
2.26019 

3 

BA 

0.31428 
1.22857 
1 . 68571 
1.11428 

1.49732 
2.08940 
2.22678 
2.04700 

BO, 
BO3 

BA 

ao. 

Aga 
icci 

NaCl 

0.69361 
1.33311 
1.70000 

1.84111 
2.12486 
2.23045 

Ba 

BaSO, 
BaCrO, 

0.58853 
0.54201 

1.76977 
1.73401 

CIO.K 

0.96666 
1.86791 

1.98527 
8.26902 

BaO 

BaSO, 
BaCiO< 

0.65707 
0.60513 

1.81761 
1.78185 

aO,Na 

AgCl 
Naa 

0.85437 
2.09402 

1.93165 
2.32098 

Bi 

BiA 

B^. 

0.89677 
1.11511 

1.95268 
2.04732 

Co 
CoO 

CoSO. 

Co 
CoSO« 

0.38049 
1.27118 
0.48368 

1.58035 
2.10421 
1.68456 

Br 

AgBr 

Aga 

0.42557 
0.55768 

1.62897 
1.74638 

ijk 

Cr 

Pb(?r(5, 
BaCrO^ 

0.68462 
0.16130 
0.20552 

1.83545 
1.20763 
1.31285 

C 
CO 

CO, 
CO, 

0.27273 
1.36364 

1.43573 
2.13470 

V/V^g 

CrA 

PbCiO, 
BaCrO^ 

0.23560 
0.30020 

1.37217 
1 . 47741 

ex 

BaSO, 
BaSO, 

0.19437 
0.24127 
0.24886 
0.25319 

1.28863 
1.38250 
1.39596 
1 . 40345 

CNS 

CNSH 

CrO, 

Pb(3T6, 
BaCrO^ 

1.31537 
0.30990 
0.39487 

J 

2.11905 
1.49123 
1.59645 

In  this  column  the  log  of  the  factor  multiplied  by  100  is  given. 
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Songht. 

Found. 

Faetor. 

Log. 

SoQKlit. 

FouimL 

Faetor. 

Log. 

Cu 

CuO 

0!1-S 

Cu,(CNS), 

0.79900 
0.79860 
0.52260 

1.90254 
1.9023S 
1.71817 

.  MgO 

1 

1 

MgSO, 
M&PA 

0.335161.52525 
0.36243  1.55922 

CuO 

CnJ3 

Cu,(CNS), 

Cu 

0.99962 
0.65407 
1 . 25157 

1.99984 
1.81562 
2.09745 

Bin 

MnSO, 
MnS 

MiijO, 

• 

0.36409 
0.63175 
0.72052 

1.56121 
1.80054 
1.86765 

F 
F,Si 

CaF, 

CaSO, 

CaF, 

0.48718 
0.27929 
0.60855| 

1.68769 
1.44605 
1.78430 

MnO 

MnSO, 

MnS 

Mn,0, 

0.47001 
0.81553 
0.93013 

1.67211 
1.91144 
1.96854 

Fe 
FeO 

Fe,0, 

O.7OOOO1  1.84510 
0.90000    1.95424 

Mo 

1 

MoO, 

0.66667 

1.82391 

1 
N 

NH, 

nhA 

(NHJJPtCl, 

0.82298 
0.26233 
0.06296 
0.14304 

1  91. \^ 

H 

H,0 

0.11186,  1.04867 

1.41885 
0  79008 

Hg 

w 

0.84963!  1.92923 

0.86202    1.93552 

1 

1.15546 

NH, 

1 

1 

NH.a 
(NHJ,PtCl. 

0.31876 
0.07650 
0.17381 

1   .^0346 

I 

Aga 

0.54029    1.73263 
0.70531    1.84838 
0.88471;   1.94680 

1. .  %^j*j^t\t 
0.88369 
1.24007 

1 

1 

NH, 

NH.Cl 
(NHAPtCl. 

1.05920 
0.33763 
0.08103 
0.18410 

1  024Q^ 

K 

Ka 

KjPtCl, 

Pt 

0.52480 
0.44907 
0.28247 

1.71999 
1.65231 
1.45097 

t    onei e 

£1 .  i/£rt«yo 

1.52844 
0.90867 
1.26505 

0.39959    1.60162 

NH4CI 

NH, 

(NHJ^PtCl. 
Ft 

3.13716 
0.24001 
0.54527 

2.49654 
I  38023 

Ka 

K^PtCl, 

Pt 

0.85570|  1.93232 

1 . 73661 

• 

0.30561 
0.76142 

1.48517 
1.88162 

NO, 

NO 

NH, 

NH,C1 

(NHJ^U 

2.06525 
3.63658 
1.15919 
0.27821 
0.63206 

2.31497 
2.56069 
2  06415 

K,0 

KCl 

KClO* 

K^Ptd, 

Pt 

0.63204 
0.54083 
0.34019 
0.19316 
0.48125 

1.80074 
1.73306 
1.53172 
1.28589 
1.68237 

1.44438 
1.80076 

NO,H 

NO 

NH, 

NH,C1 

(NHJ^PtCl, 

2.09880 
3 . 69578 
1.17806 
0.28273 
0.64236 

2.32197 
2.56770 
2  07117 

Li 

T-i,SO, 
Lid 

0.12768 
0.16549 

1.10612 
1.21877 

1.45140 
1.80778 

Li,0 

LiCl 
LijSO, 

0.35381 
0.27297 

1 . 54877 
1.43612 

NA 

NO 

NH, 

NH.Cl 

(NH,),PtCl. 

1 .  79893 
3 . 16764 
1.00972 
0.24234 
0.55057 

2.25501 
2.50074 
2  00420 

Mg 

MgO 
.Mg,PA 

0.60357 
0.20229 
0.21875 

1 . 78073 
1.30597 
1.33995 

1.38443 
1 . 74081 
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Sought. 

Found. 

Factor. 

Log. 

...   .. 

Sought. 

Found. 

Factor. 

1 — 

Log. 

NO, 

NO 

1.53262 

2.18543 

Si 
SiO, 

SiO, 
SiO, 

0.47020 
1.26490 

1.67228 
2.10206 

N,03 

NO 

1.26631 

2.10254 

Sn 
SnO, 

SnO, 

Sn 

0.78737 
1.27004 

1.89618 
2.10382 

Na 

NaCl 
Na,SO, 

0.39402 
0.32428 

1.59552 
1 . 51092 

Sr 

Si€0, 
SrSO, 
SrN,03 

n  (uiQ^o!  1  fijoA-i 

Na,0 

NaCl      ' 
Na,SO, 

0.53078 
0.43683 

1 . 72491 
1.64031 

0.47697 
0.41383 

J.  .  «  lursA 

1.67849 
1.61682 

Ni 
NiO 

NiO 
Ni 

0.78581 
1.27257 

1.89532 
2.10468 

Th 

ThO, 

0.87879 

1.94388 

Ti 

TiO, 

0.60050 

1 . 77851 

P 

Mg,PA 
PA,24MoO, 

0.27837 
0.01723 

0.01639 

1.44463 
0.23628 

0.21448 

U 

u,o, 

UO, 

0.84879 
0.88213 

1.92880 
1.94553 

PO, 

Mg.PA 
P,0..24MoO, 

0.85309 
0.05281 

0.05022 

1.93099 
0.72263 

0.70084 

V 

V,03 

0.56140 

1 . 74927 

w 
wo. 

WO, 

w 

0.79310 
1.26087 

1.89933 
2.10067 

PA 

Mg-PA 
P,0.,24]SloO, 

0.63758 
0.03946 

0.03753 

1.80453 
0.59616 

0.57438 

Zn 

ZnO 

ZnS 

0.80344 
0.67104 

1.90495 
L. 82675 

ZnO 

ZnS 
Zn 

0.83521 
1.24461 

1.92180 
2.09505 

s 

so, 
S03 

so. 

S0,H, 

BaSO, 
BaSO, 
RflSO, 
BaRO, 
Ba80^ 

0.13732 
0.27439 
0.34293 
0.41146 
0.42009 

1 . 13773 
1.43837 
1.53520 
1.61433 
1.62336 

Zr 

ZrO, 

0: 73899 

1.86864 
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.50 
.51 
.52 
.53 
.54 

.55 

.56 
.57 
.5S 
.59 

.60 
.61 
.62 
.63 
.64 

.65 
.66 
.67 
.68 
.69 

•70 
.71 
.72 
.73 

.74 

.75 

.76 
.77 

.78 
.79 

.80 
.81 
.82 
.83 
.84 


0 


1   2 


3 


a31 1  a319  332713334  3342  3350  3357  3365  3373  3381 


3388.3396  3404  3412  3420 


3162  3170  31773184  3192  3199,3206  3214 


3236  3243  3251  !325S  3266 


o 


6 


3467,3475  3483 


3548  3556  3565 

3631^3639  364 

37153724  3733 
3802  38113819 

3890.3899  3908 


3491  3499 


3273  3281  3289 


8 


9 


Proportional  Parts. 


32213228 
3296  3304 


342    3436  3443i345rT439 
3508  3516  3524  3532  3510 


L„|. 


898139903999 
4074:4083  4093 
4169  4178  4ias 
4266;4276;4285 
4365  4375  4385 


I    I 
401^  4027  4036  4046 

411141214130  4140 

4207  42174227  4236 

4305  4315  4325  4335 

4406  4416  4426  4436 


4467,4477  44S7; 
467l'45Sl  4592i 


449S  450^  4519 
4603  4613  4624 
4677  4688;4699i4710  4721  4732 
4786  4797,480  ^i48l9  4831  4842 
4898  4909,4920:4932  4943  4955 


5012  5023 
5129  5140 
5248  5260 
6370  5383 
54955508 


5035  5047  5058 
5152  5164,5176 
5272  5284:5297 
5395  540S 
552l!5534 


5623  5636  5649 
5754  5768  5781 
5888  5902  5916 
6026  6039-6053 


36?9  3597  3606 
3673;36S1  3690 
375^3767  3776 
38463855  3864 


3573  35^1 
3.556  3664 
3741  3750 
3828  3837 
3917  3926  3936  3945  3954 


4009 
4102 
419  > 
4295 
4395 


213 


3614  3622 
3698  3707 
37S4  3793 
.3873  3882 
3963  3972 

I 
4055  4061 
4150  4159 
4246  4256 
4345  4355 
4446  4457 


1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

I 

I 
1 

1 

1 

1. 

1 


1 

2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 


2 

2 
2 

2 
2 


4529  4539 
4634  4645 
4742  4753 
4853,4864 
4966  4977 


5070 

5188 
5309 


4550 
4656 
4764 
4875 
4989 


4560 
4667 
4775 
4887 
5000 


5420  5433 
5546  5559 


5662  5675 
5794;  5808 

592915943 

606716081 

6166.6180:6194' 6209  622a 


6310,6324 
6457  6471 
6607,6622 
67616776 
6918,6934 


6339  6353' 6368 
6486  6501 
6637  6653.6668 
6792  6808  6S23 
6950  6966 


6383  6397  6412  6427  6442 

651616531  6546  6661  6577  6592 

6683  6699  6714  6730  6745 

6839  6S65  6S71  6887  6902 

6982I699S  7015  7031  7047  7063 


85  7079  7096  7112  7129  7145  7161 


.86 

.87 
.88 
.89 

.90 
.91 
.92 
.93 
.94 

.95 
.96 
.97 
.98 
.99 


7244.7261  727S  7*295  731 1 
7413.7430  7447,7464  7482 
7586  7603  76217638  7656 
7762,7780  7798  7.il6  7834 


7943  7962  79  ^0.7998  8017 
8128  8147  81668185  8204 
8318,8337  83568375 8395 
8511  8531  8551 '85708590 
8710,8730  8750  8770  8790 


8913j8933'8954  8974  8995 
91209141  9162'918,3  9204 


5032  5093  51055117 
5200  5212  5224  5236 
5321  5333  5346  535S 
5445  545S  5470  5483 
5572  5585  5598  5610 


5689  5702  5715  5728  5741 
5821  5S34  5S48  5S61  5875 
5957  5970  5984  5998  6012 


1  2 

1  2 

1  2 

1  2 

1  2 

I  2 

1  2 

1  2 

1  3 

1  3 


6095  6109  6124  6138  6152  1 
6237  6252,6266  62816295  1 


7178  7194  721172*28 
732S  7345  7362  7379  7396 
7499  7516  7534  7551  7568 
7674  7691  7709  7727  7745 
7852  7870  7889  7907  7925 


9333j9354  9376 
9550  95729594 
9772197959817 


9397  9419 
9616  963S 
9840  9863 


8035  8054  8072  8091  8110 
8222  8241  8260  8279  8299 
8414  8433  8453  8472  8492 
8610  8630  8650  8670  8690 
8810  S831  8851  8872  8S92 

i    I 

9016  9036  9057  907S  9099 
9220  9247  9268  9*290  93 1 1 
9441  9462  9484  950()  95-28 
9661  96S3  9705  9727  9750 
98S0  99as  9931  9944  9977 

I         •         .         ' 


3 
3 
3 
3 
3 


I 


1  3 
2,3 

2  3 

2    3 


2 

2 
2 

2 
2 


3 
3 
3 

4 
4 


2  4 

2  4 

2  4 

2  4 

2  4 

2  4 

2  4 

2  4 

2  4 

2  5 


I 
2,3 

|3    3 

33 

3    4 

3.4 


3 
3 


3,4 
3    4 

3|4 


3*4 
3  4 
3  4 
3    4 

3  5 

4  5 
4  5 
4  5 
4  5 
4  5 

4  5 

4  5 

4  5 

4  6 

4  6 

4  6 
o  6 

5  6 
5  6 
o  6 

5  7 

5  7 

5  7 

o  7 

5  7 

6  7 
6  S 
6  S 
6  S 
6  8 

6  S 

t;  S 

7  9 
7,9 
7  ■  9 


617 


8  9 


4 
5 
5 
5 
5' 


4 
4 
4 
4 
4' 


4  5  6  7 

4  5  6  7 

4  5  6  7 

4  5  6  7 

5  5  6.  7 


5 
5 
5 
5 
5 


5    6  7 

5  6  7 
5-6  7 

6  6  7 
6.  6  7 


7 
8 
8 
8 
8 

8 
9 
9 
9 
9 


667 
6  7  8 
6  7  8 
6  7  8 
6   7    8 


5  6  7  8    9 

5  6  7  9  10 

5  7  S  9  10 

6  7  b  9  10 
6  7  8  9  10 


6 
6 
6 
6 
6 


8 
S 


8  911 
S  10  11 

9  10  11 
9  10  II 

9  10  12 


7  8    9  10  12 

7  8    9  11  12 

7  8  10  n  12 

7  MO  11  13 

7  9  10  1113 

7  9  10  12  13 

8  9  II  12  U 
S  9  11  12  14 
8  9  II  13  14 

8  10  11  13  15 

S  10  12  13  15 
h  10  12  13  15 

9  10  12  14  16 
9  11  12  14  16 
9  11  13  14  16 

9  11  13  15  17 

9  11  13  l.>  17 

10  12  14  i:»  17 

10  12  14  16  In 

10  12  14  U\  IS 

10  12  15  17  I'.i 

11  13  15  17  V} 
11  13  15  17  Jti 
U  13  16  IN  Ji» 
11  14  16  IS  20 

!    I    . 
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1904. 
TABLE    OF    INTERNATIONAL    ATOMIC    WEIGHTS. 


Name. 

Sym. 
Al 

0-16. 

H-l.  ; 

1 

Name. 

Sym. 
Mo 

0-16. 

H-l. 

Aluminium.  .  . . 

27.1 

26.9 

Molybdenum.  . . . 

96.0 

95.3 

Antimony 

Sb  ,120.2 

119.3 

Neodymium.  .  .  . 

Nd 

143  6 

142.5 

Argon 

A       39.9 
As      75.0 
Ba   137.4 

39.6 

74.4 
136.4 

Neon 

Nickel 

Ne 

Ni 
N 

20. 

5S.7 

14.04 

19.9 

Arsenic 

58.3 

Barium 

Nitrogen 

13.93 

Bismuth 

Bi    20S.5 

206.9 

Osmium 

Os 

191. 

1S9.6 

Boron 

B    1  11. 
Br     79.96 

10.9 
79.36 

Oxygen 

PaUadium 

0 
Pd 

16.00 
106.5 

15.88 

Bromine 

105.7 

Cadmium 

Cd   112.4 

111.6 

Phosphorus 

P 

31.0 

30.77 

Caesium 

Cs    132.9 

131.9 

Platinum 

Pt 

194.8 

193.3 

Calcium 

Ca 

40.1 

39.8 

Potassium 

K 

39.15 

3)^.86 

Carbon 

C 

12.00 

11.91 

Praseodymium. . 

Pr 

140.5 

139.4 

Cerium 

Ce    140.25 

139.2 

Radium 

Ra 

225. 

223.3 

Chlorine 

CI      35.45 

35.18 

Rhodium 

Rh 

103.0 

102.2 

Chromium 

Cr 

52.1 

51.7 

Rubidium 

Rb 

85.4 

84.8 

Cobalt 

Co     59.0 

58.56 

Ruthenium 

Ru 

101.7 

100.9 

Columbium  (Ni- 

1 

Samarium 

Sa 

150. 

148.9 

obium) 

Cb     94. 

93.3 

Scandium 

So 

44.1 

43.8 

Copper 

Erouim 

Cu     63.6 

63.1 

Selenium 

Se 

79.2 

78.6 

E     166. 
F       19. 
Gd  156. 
Ga  1  70. 

164.8 
18.9 

155. 
69.5 

Silicon 

Si 
Ag 
Na 
Sr 

28.4 
107.93 
23.05 

87.6 

28.2 

Fluorine 

Silver 

107 . 12 

Gadolinium.  . . . 

Sodium 

22.88 

Gallium 

Strontium 

86.94 

Germanium. .  . . 

Ge  ,  72.5 

71.9 

Sulphur 

S 

32,.  06 

31.83 

Glucinum    (Be- 

Tantalum 

Ta 

183. 

181.6 

r>'llium)  .... 

Gl 

9.1 

9.03 

Tellurium 

Te 

127.6 

126.6 

Gold 

Au  197  2 

195.7 

4. 

Terbium 

Thallium 

Tb 

Tl 

160. 
204.1 

158.8 

Helium 

He 

4. 

202.6 

Hydrogen 

H 

1.008 

1.000 

Thorium 

Th 

232.6 

230.8 

Indium 

In    114. 

113.1 

Thulium 

Tm 

171. 

169.7 

Iodine 

I       126.85 

125.90 

Tin 

Sn 

119.0 

118.1 

Iridium 

Ir     193.0 

191.5 

Titanium 

Ti 

48.1 

47.7 

Iron 

Fe      55.9 

K      81.8 

55.5 
81.2 

Tungsten 

Uranium 

u 

184.0 
238.5 

182.6 

Krypton 

236.7 

Lanthanum.  .  . . 

La 

138.9 

137.9 

Vanadium 

V 

51.2 

50.8 

Lead 

Pb. 
Li 

206.9 
7  03 

205.35 
6.98 

Xenon 

Ytterbium 

X 

Yb 

128. 
173.0 

127. 

Lithium 

171  7 

Magnesium.  .  . . 

Mg 

24.36 

24.18 

Yttrium 

Y 

89,0 

88.3 

Manganese 

Mercury 

Mn 
Hg 

55.0 
200.0 

54.6 
198.5 

Zinc 

Zn 
Zr 

65.4 
90.6 

64.9 

Zirconium 

89. 9 
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Acetic  Add,  288,  468 
Acetic  Anhydride,  460 
Acetylene,  571 
Acidiraetry,  426,  457 
Alkali   Bicarbonatee,  Detennination 
of,  450 
In  Presence  of  Carbonates,  451 
Alkali  Carbonates,  Determination  of, 
44S 
In  Presence  of  Bicarbonates,  451 
In  Presence  of  Hydroxides,  449 
Alkalies,  Separation  of,  40 

Determination  of  Silicates,  394 
Alkali  Hydroxides,  Determination  of, 
444 
In  Presence  of  Carbonates,  449 
Alkalimetry,  426,  444 
Alkaline  Elarth  Bicarbonates,  Deter- 
mination of,  454 
Alkaline    Earth   Carbonates,  Deter- 
mination of,  452 
Alkaline   Earth   Hydroxides,  Deter- 
mination of,  452 
Alkaline  Earth  Salts,  Determination 

of,  456 
Aluminium,  75 
Determination  in  Silicates,  391 
Separation  from  Chromitun,  100 
Separation  from  Metals  of  Group 

II,  153 
Separation  from  Iron,  94 
Separation  from  Iron  and  Phos- 
phoric Acid,  97 
Separation  from  Magnesium,  Cal- 
cium, Strontiiun,  and  Barium,  94 
Separation  from  Manganese,  Nick- 
el, Cobalt,  and  Zinc,  121 
Separation  from  Titanium,  102 
Separation  from  Uranium,  104 


Anunonium  (Ammonia),  53 
Colorimetric  Determination,  56 
Gas-volumetric  Determination,  622 
In  Drinking-water,  56 
Volumetric  Determination,  446 
Antimony,  168 
Separation  from  Arsenic,  181 
Separation  from  AFsenic  and  Tin, 

194 
Separation  from  Mercury,   Lead, 

etc.,  177 
Separation  from  Metals  of  Group 

III,  177 
Separation  from  Tin,  188 
Volumetric  Determination,  534 
Arsenic,  164 
Colorimetric  Determination,  166 
Separation  from  Antimony,  181 
Separation    from    Antimony    and 

Tm,  194 
Separation   from  Mercury,   Lead, 

etc.,  177 
Separation  from  Metals  of  Group 

III,  177 
Volumetric  Determination,  534 
Assay  for  Gold  and  Silver,  197 
Asbestos  Filters,  24 

B 

Balance,  Accuracy  of,  6 

Sensitiveness  of,  7 
Barium,  69 
Determination    in    Silicates    and 

Rocks,  394,  405 
Separation  from  Calcium,  73 
Separation  from  Magnesium,  73 
Separation  from  Strontium,  74 
Separation  from  Metals  of  Group 

III,  94,  119 
Separation  from  Metals  of  Group 
11,153 

647 
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Barium,  Volumetric  Detennination, 

452 
Bearing  Metal,  Analvsis  of,  192 
Benzol  (Benxene),  Detennination  in 
Gas  Mixtures,  569 
Separation  from  Ethylene,  572, 621 
Bismuth,  141 
Separation    from    ArBenic,    Anti- 
mony, and  Tin,  177 
S3paration  from  Copper  and  Cad- 
mium, 15S 
Separation  from  Lead,  155 
Separation  from  Mercury,  155 
Separation  from  Metals  of  Groups 

in,  IV,  and  V,  153 
Separation  from  Tellurium,  217 
Bitter-ahnond  Water,  250 
Borda's  Method  of  Weighing,  9 
Boric  Acid,  337 

Volumetric  Determination,  471 
Brass,  Analysis  of,  153 
Bromine,    Determination    in    Non- 
electrolytes,  247 
Determination  in  Mineral  Waters, 

521 
Gravimetric  Determination,  251 
Separation  from  Chlorine,  256 
Separation  from  Iodine,  257 
Volumetric     Determination,    516, 
520,545 
Bronze,  Analysis  of,  178 
Bimte,  Apparatus  for  Gas  Analysis, 

606 
Burettes,  412 
Calibration  of,  417 


Cadmium,  150 

Separation    from    Arsenic,    Anti- 
mony, and  Tin,  177 
Separation  from  Bismuth  (cf.  Bis- 
muth), 155 
Separation  from  Copper,  160 
Separation  from  Lead,  160 
Separation  from  Mercury,  155 
Separation  from  Metals  of  Groups 
III,  IV,  and  V,  153 
Calcium,  65 

Determination  in  Silicates,  393 
Separation  from  Barium  and  Stron- 
tium, 73 
Separation  from  Magnesium,  70 
Separation  from  Metals  of  Group 

111,94,  119 
Separation  from  Metals  of  Group 
II,  153 


Calcimn,  Volumetric  Determination, 

491 
Calibration  of  Burettes,  417 
of  Measuring-flasks,  414 
of  Pipettes,  415 
Carbon,  Determination  in  Iron  and 
Steel,  313 
Determination    in    Oiganic    Sub- 
stances, 323 
Carbon  Dioxide  (see  Carbonic  Acid) 
Carbonic  Acid,  292 

Free,  Detennination  of,  472 

Gas-analytical  Determination,  567 

In  the  Air,  475 

In  Electrolytic  Chlorine,  614 

In  Illuminating-gas,  590,  599 

In  Mineral  Waters,  299 

In  the  Presence  of  N,0,  XO  and  N, 

613 
Gas- volumetric        Determination, 

301,567 
Volumetric  Determination,  472 
Carbon  Monoxide,  575,  601 

Qualitative  Detection,  581 
Carius,  Method  for  Determining  Hal- 
ogens, 247 
Ceriiun,  Gas-volumetric  Determina- 
tion, 627 
Volumetric  Determination,  526 
Chemical  Factors,  Tat>le  of,  639 
Chlorates,  Analysis  of,  364,  498,  530 
CUoric  Acid,  364 

In  the  Presence  of  Perchlorates, 

367 
In  the  Presence  of  Perchloric  and 

Hydrochloric  Acids,  367 
Volumetric     Determination,    498, 
530 
Chlorine,  Gravimetric  Determination, 
242,246 
Gas-anal3rtical  Determination,  614 
In  Insoluble  Chlorides,  245 
In  Non-«lectrolytes,  247 
In  Rocks,  246 

Separation  from  Bromine,  256 
Separation  from  Cyanogen.  261 ,  547 
Separation  from  Iodine,  253 
Separation  from  Sulphocyanogen, 

263.549 
Volumetric     Determination.    515, 
544 
Chlorine  Gas,  Examination  of,  614 
Chromates,  Gravimetric  Determina- 
tion, 90 
Volumetric    Determination,    501, 
525,530 
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Chromic  Add  (eee  Chromates) 
Chromite  (Chrome-iron  Ore),  Analy- 
sis of,  407 
Chromium,  90 

Determination  in  Iron  Ores  and 

Rocks,  337 
Determination  in  Pig  Iron,  238 
Separation  from  Alkaline  Earths 

and  Magnesium,  94 
Separation  from  Aluminium,  100 
Separation  from  Iron,  99 
Separation   from   Nickel,   Cobalt, 

Manganese,  and  Zinc,  121 
Volimietric    Determination,    602, 

525,530 
Cobalt,  115 

Separation  from  Alkaline  Earths 

and  Magnesium,  119 
Separation  from  Manganese,  129 
Separation  from  Metals  of  Group 

III,  121,  123 
Separation  from  Metals  of  Group 

II,  153 

Separation  from  Nickel,  130 
Separation  from  Zinc,  125 
Collection  and  Confinement  of  Gases, 
555 
Combustion  (Elementary  Analysis), 
323 
Combustion  of  Gases,  577 
(a)  By  Explosion,  578 
(6)  By  Method  of  Drehschmidt,579 
(c)  By  Method  of  Winkler-Dennis, 

603 
{d)  Fractional,  579 
Copper,  144 

Analysis  of,  for  Seleniimi  and  Tel- 
lurium, 220 
Separation    from    Arsenic,    Anti- 
mony and  Tin,  177 
Separation  from  Bismuth,  158 
Separation  from  Cadmiimi,  160 
Separation  from  Lead,  159,  160 
Separation  from  Mereury,  155 
Separation  from  Metals  of  Groups 

III,  IV,  and  V,  153 
Cyanic  Acid,  288 

In  the  Presence  of  Carbonic  and 

Hydrocyanic  Acids,  288 
Cyanoeen,  260 

In  the  Presence  of  Halogens,  261, 

547 
In  the  Presence  of  Sulphocyanogen, 

263,548 
In  the  Presence  of  Chlorine  and 

Siiphocyanogen,  549 
Volumetric  Determination,  546 


D 

Desiccator,  21 

Distribution  Coefficient,  519 
Drehschmidt,    Apparatus    for    Gas 

Analysis,  596 
Drying  of  Precipitates,  19 
Drying  of  Substances  in  Currents  of 

Gases,  30 
Drying-ovens,  23,  30,  31 

E 

Ethylene,  568 
I>etermination  (Haber),  619 
Separation  from  Benzol,  572,  621 
Evaporation  of  Liquids,  27 
Explosion  Pipette  (Hempel's),  578 


Fahlerz,  Analysis  of,  278 

Ferric  Iron,  Volumetric  Determina- 
tion, 87,  532,  537 

Ferrous  Iron,  Voliunetric  Determina- 
tion, 79,  481,  483,  501 
Determination  in  Silicates,  400 

Filters,  18,  24 

Filtration,  16 

Fluorine,  Determination 

(a)  In  Insoluble  Fluorides,  372 
(6)  In  Mineral  Waters,  373 

Fluorine,  Gasometric  Determination, 
379 

Formaldehyde,  (Formaline),  536 

Formic  Acid,  Volumetric  Determina- 
tion, 493 

Fractional  Combustion,  579 

Fuming  Acids,  Anslym  of,  461 

G 

Gaa  Analysis,  554,  587 

Technical,  597 
Gas-combustion  Hpette,  604 
Gases,  Collection  and  Confinement  of, 

555 
Gas-volumetric  Methods,  621 
Generator  Gas,  Analysis  of,  587 
Gold,  Determination  m  the  Dry  Way, 
197 
Determination  in  the   Wet  Way, 

195 
Determination  in  Ores,  201 
Separation  from  Silver,  200 
Goocn  Crucibles,  22 
I  Gravimetric  Analysis,  1,  35 
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HalogenB,  Separation  from  One  An- 
other, 2S8 
Hardness  of  Water,  455,  456 
Hempel,  Apparatus  for  Exact  Gas 
Analysis,  588 

Apparatus  for  Technical  Gas  Analy- 
sis, 597 
Hood,  27 

Hydriodic  Acid,  252 

Separation  from  Hydrobromic  and 
Hydrochloric  Acids,  253,  257 

Separation  from  Hydrocyanic  Acid, 
261 

Volumetric  Determination,  517 
Hydrobromic  Acid,  251 

Determination  in  Mineral  Waters, 
521 

Determination  in  Presence  of  Hy- 
drochloric and  Hydriodic  Acidis, 
253,257 

Determination  in  Presence  of  Hy- 
drocyanic Acid,  261 

Volumetric    Determination,    520, 
545 
Hydrocarbons,  Heavy,  56S,  592,  599 
Hydrochloric  Acid,  242 

Separation  from  Hydrobromic 
Acid,  256 

Separation  from  Hydrocyanic  Acid, 
261 

Separation  from  Hydrocyanic  and 
Sulphocyanic  Acids,  549 

Separation    from    Hydrogen,   251 

Separation  from  Hydrogen  Sul- 
phide, 251 

Separation  from  Hydriodic  Acid, 


Volumetric  Determination,  457 
Hydrocyanic  Acid,  259 

Determination  in  the  Presence  of 

Cyanic  and  Carit>onic  Acids,  288 

Determination  in  the  Presence  of 

Halo^n  Hydride,  261 
Determination  in  the  Presence  of 

Hydrochloric  Acid,  261,  547 
Determination  in  the  Presence  of 
Hydrochloric  and  Sulphocyanic 
Acids,  549 
Determination  in  the  Presence  of 

Sulphocyanic  Acid,  448 
Volumetric  Determination,  546 
Hydroferricyanic  Acid,  265,  498 
Hydroferrocyanic  Acid,  263,  497 
Hydrofluoric  Acid,  371 

Volumetric  Determination,  467 


HydrDfluoflilicic  Acid,  381 

Volumetric  Detenninatioii,  467 
Hydrogen,  583 
Determination  in  Tlhiminating-gas, 

£92,601 
Determination    in    Organic    Sub- 
stances, 323 
Hydrogen  Peroxide,  493 

Methods,  625 
Hydrogen  Sulphide,  Colorimetric  De- 
termination, 273 
Expulsion    from    Insoluble    Sul- 
phides, 284 
Gravimetric  Determination,  268 
In  Mineral  Waters,  534 
Volumetric  Determination,  533 
Hydrosulphuric  Acid  (see  Hydrogen 

Sulphide),  26S 
Hydroxylamine,  467,  496 
Hypochlorous  Acid,  530,  539 

In  the  Presence  of  Chlorine,  516 
Hypophosphorous  Acid,  2S9,  589 
In  the  Presence  of   Phosphorous 
Acid,  291 


Illuminating-gas,   Analysis   of,    587, 

597 
Indicators,  426 
Indirect  Analyses,  2,  256 
Inquartation,  197 
Iodic  Acid,  342 
lodimetry,  505 
Iodine,  252 
Determination  in  Mineral  Waters, 

521 
Determination  in  Xon-electrolytes, 

24S 
Determination  in  Soluble  Iodides, 

517 
Separation  from  Bromine,  257 
Separation  from  Chlorine,  253,  257 
Volumetric    Determination,    515, 
545 
Iodine    Solution,    Preparation    and 

Standardization  of,  511 
Iron,  77 
Determination  in  Silicates,  391, 400 
Electric  Deposition  of,  81 
Separation  from  Alkaline  Earths 

and  Magnesium,  94 
Separation  from  Aluminium,  94 
Separation   from  Aluminium  and 

Phosphoric  Acid,  97 
Separation  from  Chromium,  99 
Separation     from     Manganese, 
Nickel,  Cobalt,  and  Zinc,  121 
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Iron,    Separation    from    Metals    of 
Group  II,  151 
Separation  from  Titanium,  100 
Separation  from  Uranium,  104 
Volumetric  Determination : 

(a)  By  Permanganate  Methods, 

79  481   483 
(6)  By  Dichromate  Methods,  502 

(c)  By  lodimetric  Methods,  532 

(d)  By  Stannous  Chloride,  537 
Iron    Wire,    Determination    of     its 

Apparent  Iron  Value,  86 

K 

Kjeldahl,    Method   for   Determining 
Nitrogen,  5S 


Lacmoid,  431 
Lead,  137 

Separation    from    Arsenic,    Anti- 
mony, and  Tin,  177 
Separation    from     Bismuth    and 

Mercury,  155 
Separation  from  Cadmium,  160 
Separation  from  Copper,  159,  160 
Separation  from  Metals  of  Groups 
III,  IV,  and  V,  153 
Lead  Peroxide,  Analysis  of,  531 
Lepidolite,  Analysis  of,  400 
Lithium.  49 

Separation  from  Sodium  and  Po- 
tassium, 49 
Litmus,  432 
Logarithms,  Tables  of,  642 

M 

Magnesium,  60 

^paration  from  Alkalies,  64 
Separation  from  Alkaline  Earths, 

70,  72,  73 
Separation  from  Metals  of  Group 

II,  153 

Separation  from  Metals  of  Group 

III,  119.  94 
Manganese,  104 

Colorimetric  Determination,  110 
Determination  in  Iron  and  Steel, 

503 
Separation  from  Alkaline  E^arths 

and  Magnesium,  119 
Separation  from  Metals  of  Group 

11,153 
Separation  from  Nickel  and  Cobalt, 

129 


Manganese,  Separation  from  Trivalent 
Metals  of  Group  III,  121 
Separation  from  Zinc,  125 
Volumetric    Determination,    487, 
492,  503,  524 
Measuring-flasks,  Calibration  of,  414 
Measuring  Instruments,  412 
Mercury,  133 
Determination  in  Non-electrolytes, 

250 
Separation    from    Arsenic,     Anti- 
mony, and  Tin,  177 
Separation  from  Metals  of  Group 

11,155 
Separation  from  Metals  of  Groups 
III,  IV,  V,  153 
Metaphosphoric  Acid,  342 
Methane,  586 
Separation  from  Hydrogen,   592, 
601 
Methyl  Orange,  427 
Minium  (Red  Lead),  Volumetric  De- 
termination of,  491 
Molybdenum,  221,  527 

Separation  from  Alkalies,  223 
Separation  from  Alkaline  Earths, 

223 
Separation  from  Metals  of  Groups 

II  and  III,  224 
Separation  from  Phosphoric  Acid, 

227 
Separation  from  Tungsten,  224 
Separation  from  Vanadium,   235, 
528 
Molybdenum  Residues,  354 
Molybdic  Acid,  221 
Monaxite,  Determination  of  Thorium 
in,  408 


N 


Nickel,  111 
Separation  from  Alkaline  Earths 

and  Magnesium,  1 19 
Separation  from  Cobalt,  130 
Separation  ffY)m  Manganese,  129 
Separation  from  Metals  of  Group 

II,  153 
Separation  from  Trivalent  Metals 

of  Group  III,  121 
Separation  from  Zinc,  125 
Nitric  Acid,  357 

Gas-volumetric  Determination  of, 

360,  624 
Volumetric  Determination  of,  457* 
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Nitric  Oxide,  610 

In  Presence  of  Nitrous  Oxide,  611 
In  Presence  of  Nitrous  Oxide  and 

Nitrogen,  612 
In  Presence  of  Nitrous  Oxide,  Ni- 
.  trogen,  and  Carbon  Dioxide,  613 
Nitrous  Acid,  Colorimetric  Determi- 
nation of,  265 
Gas-volumetric  Determination,  624 
Volumetric    Determination,    430, 

493 
Oxide,  60S 
Determination  in  the  Presence  of 

Nitric  Oxide,  611 
Determination  in  the  Presence  of 

Nitric  Oxide  and  Nitrogen,  612 
Determination  in  the  Presence  of 
Nitric  Oxide,  Nitrogen,  and  Car- 
bon Dioxide,  613 
Nitrogen,  Dumas'  Determination,  332 
KjeJdahrs  Determination,  5S 
In  tlie  I^«9ence  of    Nitrous  and 

Nitric  Oxides,  612 
In  the  Presence  of  Nitrous  and 
Nitric  Oxides,  and  Carbon  Di- 
oxide, 613 
Normal  Solutions,  423,  435 
of  Barium  Hydroxide,  443 
of  Hydrochloric  Acid,  436 
of  Nitric  and  Sulphuric  Acids,  439 
of  Oxalic  Acid,  439 
of  Sodium  Hydroxide,  440 


O 

Operations,  6 

Organic  Acids,  Titration  of,  46S 

Orsat,  Apparatus  for  Gas  Analysis, 
604 

Orthoclase,  Analysis  of,  389 

Orthophosphoric  Acid,  343 
Volumetric  Determination  of,  470, 
551 

Oxalic  Acid,  336 
Volumetric  Determination  of,  468, 
490 

Oxidation  Methods,  477 

Oxygen,   Ga8-anal)rtical   Determina- 
tion, 572,  600 
Determination  of  Absorbed  Oxy- 
gen in  Water,  574 

Ozone,  531 


Paul's  Drying-oven,  31 
Percarbonates,  Analysis  of,  495 


Perchloric  Acid,  366 
Determination  in  the  Presence  of 

Chloric  Acid,  367 
Determination  in  the  Presence  of 

Hydrochloric  Acid,  367 
Preparation  of,  47 
Permanganate  Methods,  477 
Permanganate  Solution,  Permanence 
of,  477 
Standardization  of,  79,  478,  626 
Uses  of.  481 
Peroxides,  Analysis  of,  522 
Persulphates,  495 
Phenolphthalein,  433 
Phosphoric  Acid,  343 
Determination  in  Mineral  Waters,. 

353 
Determination  in  Silicates,  353 
Separation  from  Alkaline'  Earths 

and  Alkalies,  356 
Separation   from   Iron   and   Alu- 

minitmi,  97 
Separation  from  Metals  of  Groups 

I,  II,  and  III,  355 
Volumetric    Determination,    470r 
551 
Phosphorous  Acid,  291 
In  Presence  of  Hypophosphorous 
Acid,  291 
Phosphorus,  Determination  in  Iron 
and  Steel,  349 
Determination    in    Organic    Sub- 
stances, 355 
Pipettes,  412 

Calibration  of,  415 
Platinum,  206 
Separation  from  Gold  and  Silver,. 
208 
Potassium,  35 

Biiodate  Solution  (normal),  509 
Dichromate  Solution  (Normal),  502 
Percarbonate,  495 
Permanganate  Solution  (Normal)  r 

79,  477 
Permanganate  Solution,  Gas-volu- 
metric Standardization  of,  626 
Persulphate,  495 
Separation  from  Sodium,  40 
Precipitates,  Drying  and  Burning  of, 
19 
Filtration  and  Washing  of,  16 
Precipitation  Analyses  (Volumetric), 

540 
Preparation   of    the    Substance    for 

Analysis,  32 
Producer-gas,  Analysis  of,  537 
Prussian  Blue,  Analysis  of,  264 
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Frussic  Acid  (see  Hydixx^anic  Acid) 
Pjnite,  Determination  of  Sulphur  in, 

281 
P3rrolu8ite,  Analysifl  of,  492,  524 
Pyrophosphoric  Acid,  342 
Pyridine  Baflee,  Titration  of,  447 


Quartation,  197 


Q 


R 


HecrystallisaUon,  32 

Bed  Lead,  491 

Reduction  of  Ferric  Salts,  484 

Reduction  Methods,  637 

Resorcin  Blue,  431 


S 


4( 


Salting  Out"  Method,  128 
Selenium,  215 

Determination  in  Copper,  220 
Separation  from  Metals  of  Groups 

n,  m,  IV,  and  V,  217 
Separation  from  Tellurium,  219 
Silicates,  Analysis  of,  383,  389 
Determination  of  Alkalies  in,  394 
Determination  of  Water  in,  410 
Silicic  Acid,  383 

Determination  in  Clay,  406 
Separation   of    Soluble   from    In- 
soluble, 405 
Silicon,  Determination  in  Iron  and 

Steel,  349 
Silver,  240 

Determination  in  Alloys,  197,  544 
Determination  in  Ores  (see  Gold), 

201 
Volumetric    Determination,    540, 
543 
Solubility  Product,  125 
Sodium,  40 

Hydroxide,  Determination  in  Caus- 
tic Soda,  444 
Separation  from  Potassiimi,  40 
Thioeulphate    Solution    (Normal), 
506 
Solution  of  Sulphides,  Explanation  of, 

126 
Stannic  Chloride,  Analysb  of,  243, 

459 
Starch  Solution,  513 
Strontium,  67 

Separation  from  Barium,  74 
Separation  from  Calcium,  73 
Separation  of  Magnesimn,  72 


Strontium,  Separation  from  Metals 
of  Group  n,  153 
Separation  from  Metals  of  Group 
III,  94,  119 
Sidphocyanic  Acid,  261,  548 
Serration  from  Halogen  Hydrides, 

Separation  from  Hydrocyanic  Acid, 
263,548 

Separation  from  H^drocvanic  and 
Hydrochloric  Acids,  549 
Sulphur,  Colorimetric  Determination, 
273 

Determination    in    Insoluble  Sul- 
phides, 276,  284 

Determination  in  Iron  and  Steel, 
273 

Determination  in  Non-electrolytes, 
287 

Determination  in  P3rrites,  281 

Determination  in  Blocks,  403 

Determination  in  Sulphides  Soluble 
in  Acids,  271 

Determination  in  Sulphides  Soluble 
in  Water,  270 
Sulphur  Dioxide,  Determination  in 

Gas  Mixtures,  618 
Sulphimetted  Hydrogen  (see  Hydro- 
gen Sulphide) 
Sidphuric  Acid,  368 

Preparation  of  Concentrated  Acid 
ot  Definite  Strength,  466 

Volumetric     Determination,     457, 
461,  463,  550 
Sulphurous  Acid  (see  Sulphur  Diox- 
ide), 290 

Volumetric    Determination,    470, 
535 


Tables,  628 

Tartaric  Acid,  342 

Tellurium,  217 

Determination  in  Copper,  220 
Separation  from  Metals  of  Groups 

II,  III,  IV,  and  V,  217 
Separation  from  Selenium,  219 
Volumetric  Determination,  525 

TeUuric  Acid,  525 

TeUurous  Acid,  217 

Tetrahedrite,  Analysis  of,  278 

Thioeulphuric  Acid,  357,  506 

Thorium,   Determination   in   Mona- 
zite,  408 

Tin,  172 
Chloride,  Analysis  of,  243,  459 


6S4 


INDEX. 


Tin,  Separation  from  Alkaline  Earths 
and  Magnesium,  177 

Separation  from  Antimony,  188 

Separation  from  Arsenic  and  Anti- 
mony, 194 

Separation  from  Mercuiy,  Lead, 
Bismuth,  Copper,  and  Cadmium, 
177 

Separation  from  Metals  of  Group 
111,177 

Separation  from  Phosphoric  Acid, 
180 

Separation  from  Tungsten,  229 
Titanium,  88 

Determination  in  Rocks,  402 

Separation  from  Alkaline  Earths, 

Separation  from  Alimiiniimi,  102 
Separation  from  Iron,  100 
Separation      from      Manganese, 
Nickel,  Cobalt,  and  Zmc,  121 
Tungsten,  227 
Separation  from  Molybdic  Acid, 


Separation  from  Silicic  Acid,  229 

U 

Uranium,  93 
Separation  from  Alkaline  Earths 

and  Magnesiimi,  94 
Separation  from  Aluminium  and 

Iron,  104 
Separation  from  Metals  of  Group 

11,153 
Separation   from    Nickel,   Cobalt, 

Manganese,  and  Zinc,  121 
Volumetric  Determination,  489 


Vanadium,  230 
Determination  in  Ores  and  Rocks, 

237 
Determination  in  Pig  Iron,  238 
Separation  from  Arsenic  Acid,  236 
Separation  from  Molybdenum,  238, 

528 
Separation  from  Phosphoric  Acid, 


Volimietric    Determination,    238, 
501,526 
Vanadinite,  Analysis  of,  235 
Volumetric  Analysis,  412 

W 

Water,    Determination   in    Fluosili- 
cates,  382 
Determination  in  Silicates,  410 
Washing  of  Precipitates,  16 
Weighing,  6 
Weights,  Testing  of,  13 
White  Lead,  Analyms  of,  296 
Wolframite  (Wolnam),  Analysis  of, 
228 

Z 

Zmc,  116 
Separation  from  Alkaline  Earths 

and  Magnesium,  119 
Separation  from  Metals  of  Group 

11,153 
Separation   from   Nickel,   Cobalt, 

and  Manganese,  125 
Separation  from  Trivalent  Metals 

of  Group  III,  121 
Zirconium,  Determination  in  Rocks, 

403 


'   V 


SHORT-TITLE     CATALOGUE 

OF  THB 

PUBLICATIONS 

OF 

JOHN   WILEY   &    SONS, 

New  York. 
London:  CHAPMAN  &  HALL,  Limited. 


ARRANGED  UNDER  SUBJECTS. 


Doscriptive  circuian  eent  on  application.  Books  marked  with  an  asterisk  are 
sold  at  tMt  prices  only,  a  double  asterisk  {**)  books  sold  under  the  rules  ol  the 
American  Publishers'  Association  at  net  prices  subject  to  an  extra  charge  for 
postage.     All  books  are  bound  in  cloth  unless  otherwise  stated. 


AGRICULTURE. 
Anmby's  BCanual  of  Cattle-f eeding iamo»  $i  75 

Principles  of  Animal  nutrition 8vo»  4  00 
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Gerhard's  Guide  to  Sanitary  House-inspection x6mo,  x  00 

Theatre  Fires  and  Panics xamo,  x  50 

Holly's  Carpenters'  and  Joiners'  Handbook x8mo.  o  75 
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Kidder's  Architect's  and  Builder's  Pocket-book.     Rewritten  Edition. 

1 6nio,  morocco,  5  00 

Merrill's  Stones  for  Building  and  Decoration 8to,  5  00 

Monckton's  Stair-lmildinc 4to,  4  00 

Patton's  Practical  Treatise  on  Foundations 8yo,  5  00 

Peabody's  Naval  Architecture 8yo,  7  50 
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Snow's  Principal  Species  of  Wood Svo,  3  50 
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Svo,  a  00 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep,  6  50 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture   8vo,  5  00 

Sheep,  5  50 

Law  of  Contracts  8to,  3  00 

Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and  Steel . .  .8^0,  4  00 

Woodbury's  Fire  Protection  of  Mills 8vo,  a  50 

Worcester  and  Atkinson's  Small  Hospitals,  Establishment  and  Maintenance, 
Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small  HospitaL 

iamo»  X  as 

The  World's  Columbian  Exposition  of  1893 Large  4to,  x  00 

ARMY  AND  NAVY. 

B  amadou's  Smokeless  Powder,  Nitro-cellulose,  and  the  Theory  of  the  Cellulose 

Molecule '. xamo,  a  50 

a  BrufPa  Text-book  Ordnance  and  Gunnery 8vo,  6  00 

Chase's  Screw  Propellers  and  Marine  Propulsion 8yo,  3  00 

Craig's  Azimuth 4to,  3  50 

Crehore  and  Squire's  Polarizing  Photo-chronograph 8to,  3  00 

Cronkhite's  Gunnery  for  Non-commissioned  Officets a4mo,  morocco,  a  00 

*  Davis's  Elements  of  Law 8vo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States 8vo,  7  00 

Sheep,  7  50 

De  Brack's  Cavalry  Outpost  Duties.    (Carr.) a4mo  morocco,  2  00 

Dietz's  Soldier's  First  Aid  Handbook x6mo,  morocco,  x  as               .        ' 

*  Dredge's  Modem  French  Artillery 4to,  half  morocco,    xs  00 

Durand's  Resistance  and  Propulsion  of  Ships 8vo,  5  00 

*  Dyer's  Handbook  of  Light  Artillery xamo,  3  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

*  Fiebeger's  Text-book  on  Field  Fortification Small  8vo,  a  00 

Hamilton's  The  Gunner's  Catechism x8mo«  x  00   , 

*  HofiTs  Elementary  Naval  Tactics 8vo,  x  50 

Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo,  4  00 

*  Ballistic  Tables 8vo,  x  50 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena,  Vols.  L  and  II . .  8vo.  each,  6  00 

a  Mahan's  Permanent  Fortifications.    (Mexcur.) 8vo,  half  morocco*  7  5^ 

Manual  for  Courta-martial x6mo.  morocco,  x  50 

*  Mercur's  Attack  of  Fortified  Places xamo,  2  00 

*  Elements  of  the  Art  of  War 8vo,  400 

Metcalf 's  Cost  of  Manufacture*— And  the  Administration  of  Workshops,  Public 

and  Private 8vo,  5  00 

*  Ordnance  and  Gunnery,    a  vols. xamo,  5  00 

Murray's  Infantry  Drill  Regulations x8mo.  paper,  xo 

Peabody's  Naval  Architecture 8vo,  7  50 

*  Phelps's  Practical  Marine  Surveying 8vo,  a  so 

Powell's  Army  Officer's  Examiner xamo,  4  00 

Sharpe's  Art  of  Subsisting  Armies  in  War x8mo,  morocco,  x  s« 
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iamo»  aorocco*  i  50 

Ftuinan's  Kanual  of  Practical  Aaaaying 8ve»  3  00 
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z6mo,  morocco, 

Thomtf  and  Bennett's  Structural  and  Physiological  Botany z6mo, 

Waatermaier's  Compendium  of  General  Botany.    (Schneider.) 8vo, 
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Adriance's  Laboratory  Calculations  and  Specific  Gravity  Tables zamo, 

Allen's  Tablea  for  Iron  Analysis. 8vo, 
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Bemadou's  Smokeless  Powder. — Hitro-cellulose,  and  Theory  of  the  CeUoloae 
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Bolton's  Quantitatire  Analysis 8to, 

*  Browning's  Introduction  to  the  Rarer  Elements '.  ..8to» 

Brush  and  Penfield's  Manual  of  Determinative  Mineralogy .8vo, 
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Tests  and  Reagents 8vo, 
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Ende) lamc 

Drechsel's  Chemical  Reactions.    (MerriU.) zamo, 

Puhem's  Thermodynamics  and  Chemistry.    (Burgess. ) 8to, 

Bissler's  Modem  High  Explosives 8vo, 
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ftotelur's  PnctEcal  Inttnictloiis  in  QnantiUtive  AiMying  with  the  Blowpipe 

jatinot  morocco,   i  so 

Fowler's  Sewage  Worki  AnalyBei xaiBo»   a  oo 

Bteeeiiiui'e  Menuel  of  QualiUtive  Chemical  Analytie.    (Welle.) 8to,   5  00 

Manuel  of  QoaUtatiTe  Chemical  Analytie.    PartL   Deecriptive.    (Wettk) 

Stoi   3  00 
Srttem  of  Instmction  in    QnantitatiTe  Chemical  Analysis.     (Cohn.) 

2  TOlS. 8to»   12   50 

Fuertes'e  Water  and  PuhUc  Health xamo,   i  50 

Farman's  Manual  of  Practical  Assaying 8vo,   3  00 

*Getman's  Exercises  in  Physical  Chemistry xamo,    a  00 

Gill's  Oas  and  Fuel  Analysis  for  Engineers xamo,   z  ss 

0ffOtenfsHf0  Principles  ofModem  Dairy  Practice.    (WolL) lamo.  a  00 

HammarsCen's  Text-hook  of  Physiological  Chemistry.    (MandeL) 8to,   4  00 

Helm's  Piincipks  of  Mathematical  Chemistry.    (Morgan.) xamo,   z  50 

Hering's  Ready  Reference  Tables  ((inversion  Factors) z6mo,  morocco,  a  50 

Hinds's  Inorganic  Chemistry 8fo,   3  00 

*  Laboratory  Manual  for  Students ....lamo,       75 

HoUeman's  Text-book  of  Inorganic  Chemistry.    (Cooper.) 8vo,   a  50 

Text-book  of  Ofganic  (Hiemistry.    (Walker  and  Mott) 8vo,  a  so 

*  Laboratory  Manual  of  Organic  Chemistry.     (Walker.) zamo,  x  00 

Hopkins's  Oil-chemists'  Handbook 8to,  3  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .8to»  z  as 

Keep's  Cast  Iron 8vo,  a  so 

Ladd's  Manual  of  Quantitative  Chemical  Analysis zamo.  z  00 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo,  3  00 

Lassar-Cohn's  Practical  Urinary  Analysis.    (Lorenz.) zamo,  z  00 

Leaoh'e  The  Inspection  and  Aiudysis  of  Food  with  Special  Reference  to  State 

Control.    (In  prtparaHon,) 
LBb's  Electrolysis  and  Electrosynthesis  of  Organic  (k>mpounds.  (Lorenz.)  zamo,   z  00 
Mandel's  Handbook  for  Bio-chemical  Laboratory zamo,    z  50 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  blowpipe . .  zamo»       60 
Maaon's  Water-supply.    (Considered  Principally  from  a  Saxutary  Standpoint) 

3d  Edition,  Rewritten 8vo,  4  00 

Examination  of  Water.    (Chemical  and  BacteriologicaL) xamo,  x  as 

Meyer's  Deterzniziation  of  Radicles  in  Carbon  Compounds.    (Tingle.). . zamo,  z  00 

MiOef's  Manual  of  Assaying zamo,  z  00 

MIxter's  Elementary  Text-book  of  Chemistry zamo,  z  50 

Mofgan's  Outline  of  Theory  of  Solution  and  its  Results zamo,  z  00 

Eleznents  of  Physical  Chemistry zamo,  a  00 

Morse's  Calculations  used  in  Cane-sugar  Factories x6mo,  morocco,  z  50 

MuUiken's  General  Method  for  the  Identification  of  Pure  Organic  Compounds. 

VoL  L Large  8vo,  5  00 

Hkhols's  Water-supply,    ((^nsidered  nudnly  from  a  Chemical  and  Sanitary 

Standpoint,  Z883.) 8vo,  a  50 

O'Bfine's  Laboratory  Guide  in  Chemical  Analysis 8vo,  a  00 

O'DriscoU's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  a  00 

Ost  and  Kolbeck's  Text-book  of  Chemical  Technology.    (Lorenz — Bozart) 

(/n  preparation.) 
Ostwald's  School  of  Chemistry.    Part  One.     (Ramsey.)    (/n  press.) 

*  Penfield's  5otes  on  Deterndnative  Mineralogy  and  Record  of  Mineral  Tests. 

8vo,  paper,  so 

Pictef  s  The  Alkaloids  and  their  Chemical  Constitution.     (Biddle.) 8vo,   $  00 

Piimer's  Introduction  to  Organic  Chemistry.    (Austen.) zamo*  z  50 

Poole's  (Calorific  Power  of  Fuels 8vo.   3  00 

Prescott  and  Winslow's  Elements  of  Water* Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis xamo,    z  a.i; 
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Uchftrdt  And  Woodman's  Air.Water,  and  Food  from  a  Sanitary  Standpoint. Svo,  a  oc 

Uctaarda's  Coit  of  Living  as  Modified  by  Sanitary  Science lamo,  i  oo 

Coat  of  Food  a  Study  in  Dietaries lamo,  i  oo 

*  Richards  and  Williams's  The  Dietary  Comirater Syo»  x  5» 

Ucketts  and  RosseU's  Skeleton  Hotes  upon  Inorsanic  Chemistry.    (Part  L — 

Mon-metallic  Elements.) Sto«  morocco*  75 

Ricketts  and  Miller'a  Notes  on  Assaying Sve*  3  «• 

RIdeal's  Sewage  and  the  Bacterial  Puriflcatbn  of  Sewage 8fo»  3  90 

Disinfection  and  the  Preservation  of  ^ood. Svo»  4  00 

Ruddiman's  IncompatihiHties  in  Prescriptions. Svo«  a  w 

Sabin's  Industrial  and  Artistic  Technology  of  ^nts  and  Varnish.    (/»  press.) 

Sdkowski's  Physiological  and  Patbok^eal  Chemistry.    (Omdorfl.). . .  .Svot  a  90 

Schimpfs  Tezt-book  of  Yolnmetric  Aaa^rsis xamo»  a  90 

Essentials  of  Volumetric  Analyak xaao*  i  ag 

Spencer's  Handbook  for  Chemists  of  Beet-sogar  Hoosea. x6mot  motocco*  3  oa 

Handbook  for  Sugar  Kanufacturers  and  their  Chemists. .  i6mo,  morocco*  a  oa 

Slockbrldfe's  Rocks  and  Solfi w.  .8vo»  a  9> 

o  Tillman'a  Elementary  lessons  in  &aat 8vo»  1  9a 

^        Dsecriptfva  General  Chemlstiy Svo*  300 

Treadweira  Qnalitatlva  Anaiyiia.    (HalL) 8vo»  3  00 

Quantitative  Analysis.    (Haa) Svo*  4  00 

Tomeauia  and  Russell's  Public  Water-suppHea Svo*  s  oa 

Van  Deventer'a  Physical  Chemistry  for  Beginneii.    (Boltwood.) xamo,  x  9a 

*  Walke's  Lecturea  on  Explosives Svo.  4  oa 

Wassermann'a  Immune  Sera:  Hemolysins.  Cytotozins,  and  Precipitins.    (BoW 

duan.) xamo*  x  00 

Wells'a  Laboratory  Guide  In  Qualitative  Chemical  Analyaia. Svo*  s  9a 

Short  Course  ir  Inorganic  Qualitative  Chemical  Analysia  for  Kngineering 

Students xamo,  x  9a 

Whipple's  Microscopy  of  Drinking-water. Svo*  3  go 

Wiechmann'ft  Sugar  AaalyBis Small  Svo.  a  9* 

unison's  Cyanide  Processss. xamo*  x  50 

Chlorination  Process xamo.  x  9a 

Wulling's  Elementary  Coune  in  Inorganic    haxmaceutical  and  Medical  Chem- 
istry.   xamo,  a  ao 

CIVIL  EUGINEERIHO. 

BRIDGES  AED   ROOFS.      HTDRAULICS.      MATERIALS   OF    ENOIirESRnm 

RAILWAY  EEGHIEERIHG. 

Baker'a  Engineers' Surveying  Instruments xamo*  3  •• 

BIzby's  Graphical  Computing  Table Paper  xoiXa4i Inches.  ag 

**  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  CanaU    (Postage* 

27  cents additlonaL) 8vo*net  3  9* 

Comstock's  Field  Astronomy  for  Engineers. Svo,  a  90 

Davis's  Elevation  and  Stadia  Tables Svo*  i  00 

EUiotfs  Engineering  for  Land  Drainage xaaBO*  1  9a 

Practical  Farm  Drainage xama*  1  oa 

Fehrell's  Sewerage.    (Deaigning  and  Maintenance.) Sva*  300 

Fireitag's  Architectural  Engineering,    ad  Edition*  Rewritten Svo*  3  9> 

French  and  Ivee'a  Stereotomy. Svo*  a  9a 

Goodhue's  Municipal  Improvements xamo*  x  ys 

Goodrich's  Economic  Disposal  of  Towna*  Refuse Svo*  3  90 

Gofe's  Elements  of  Geodesy Svo*  a  50 

Hsyfofd's  Text-book  of  Geodetic  Astronomy Svo*  3  oo 

Bering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  a  90 

Howe'a Retaining  WaUafor Earth xamo*  i  as 

Johnson*tt  Theory  and  Practice  of  Surveving Small  Svo*  4  oo 

Statka  by  Algebrale  and  Graphic  Methods Svo,  a  00 
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BRIDGES  AST)  S0OFS. 

WnWu^M  P»«cilc«lTkia«lie>»otli«Coiirtnictkmtff  IronHiilnnqrBtMgw.  .ftw>  a  oo 

*        ThuDM  Uv«r  B(idg» 4to.  paper,  500 

IsR'c  Cooiw  oa  the  fitrtM m  in  Bfidgw  and  Roof  Tnmm,  Aicbei  BAs,  aai 

HwpBMJHn  BiMgis. •«••  3  9^ 

Da  Boi^t  Moduuks  of  Soflnwfiiic.    YoL  IL SaM]l4to«  1000 

FoalM'oTfoailM  on  Woodon  Trestle  BtiAgm 4to.  s  00 

Fowlei*o  Cofler-dom  IVocom  for  Pleii •to,  a  sa 

Ofoaoo'o  Roof  TrMMf Swo,  i  as 

BitfcoTrMMa 999,  ay* 

Arthci  fat  Wood*  Iron*  aad  SCooe tfo*  a  50 

a  Archoi tvo.  4  00 

TNiilfn  of  8iiM>  Roof-ti  iiwi  ■  in  Wood  aad  Sted Svo,  a  00 

mrf  Tnmennfo'a  Theoiy  and  Pnctko  in  tbe  Beaigiiim  of 

Framed  Sferactana.. . . .' ShmB  4to»  so  no 

■•RfflMn  nnd  Jacoby'a  Tozt-boolc  on  Roola  and  Bfidgea: 

Plut I**~'4tnaa0a in SIniple TrvMea. .........•.•>■..•...•••••..•  .Bvoa  a  sn 

Plut  IL— <3fm0Uc  SlaliGS 8vo,  a  50 

PiMt  PL— BrSdga  Dealgp,    4tli  Edition,  Rewritten Svo,  a  9> 

Plut  IV.— Biglier  Siractnne. 8to,  a  50 

Ifocfion'iiHempliia  Bridce. 4to,  10  00 

Wflddoirt  Do  Pontibas,  a  Pocket-book  for  BridfeEacineerK...xdmo,nocoooo.  300 

Spedflcntions  for  Steel  Brldcea lamo,  i  as 

Wood'*  Tkoatiae  on  die  Theory  of  the  Constraetion  of  Bridfes  and  Roofe.Svo.  a  00 
Wrigbft  Puiitnhig  of  Draw-epans: 

Part  L  —Plate-ciider  Draws 8vo.  a  so 

Part  n.— Rivoted-tmsB  and  Pin-connocted  Lonc-spon  Draws Svo,  a  SO 

Two  parts  in  one  volanie S^o.  3  5^ 


HYDRAULICS. 

Baziii's  Bzperimentt  upon  the  Contnction  of  the  Liquid  Vein  lasoing  from  en 

Orifice.    (Tnntwine.) 8to,  a 

Bovey't  Treatiie  on  Hydmnlict. 8to.   5 

Chufch't  Mechanice  of  Sncineerinff. 8to,   6 

Diacnuni  of  Mean  Velocity  of  Water  in  Open  Channels paper,   i  so 

Coffin's  Graphical  Solution  of  Hydraulic  Problems x6mo,  morocco,   a  50 

Flather's  Dynamometers,  and  the  Measurement  of  Power xamo»   3  00 

FolweU's  Water-supply  Engineering Sro,  4 

Frisell's  Water-power. 8to,  5 

Fuertes's  Water  and  Public  Health xamo,   x  so 

Water-filtration  Works xamo,  a  so 

Oanguillet  and  Kntter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

RiTers  and  Other  Channels.    (Hering  and  Trautwine.) 8to,  4  00 

Hazen's  Filtration  of  Public  Water-supply 8to,   3  00 

Hazlehurst's  Towers  and  Tanks  for  Water-works 8to,   a  so 

Herschel's  xxs  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits 8to,   a  00 

Mason's  Water-supply.    (Considered  Principally  from  a  Sanitary  Stand- 
point)   3d  Bditioa.  Rewritten 8to,  4  00 

Merriman's  Treatise  on  Hydraulics,    pth  Edition,  Rewritten 8to,   s  00 

•  Michie's  Elements  of  Analytical  Mechanics 8to,  4  00 

Schuyler's  Reserroirs  for  Irrigation,  Water-power,  and  Domestic  Water- 
supply Large  8to,   s  00 

ee  Thomas  and  Watf  s  ImproTement  of  Riyers.     (Post,  44  c.  additional),  4to,   6  00 

Tnmeauro  and  Russell's  Public  Water-supplies. 8to,   s  00 

Wegmann's  Desian  and  Construction  of  Dams 4to,   s  00 

Water-supply  of  the  City  of  Rew  York  from  X658  to'xSos 4to,  xo  00 

Webbach's  Hydraulics  and  Hydraulic  Motors.    (Du  Bois.) 8to,   s  00 

Wilson's  Manual  of  Irrigation  awgiwritig Small  8to,  4  00 

WoUTs  Windmill  as  a  Prime  Mover 8to«   3  00 

Wood's  Turbines 8to,   a  so 

Elements  of  Analytical  Mechanics 8to,  3  00 


MATERIALS  OF  EKOHrEBRIHG. 

Baker's  %satise  on  Masonry  (instruction 8to 

Roads  and  Pavements. 8to 

Black's  United  States  Public  Works 0bk>ng4to 

Borey's  Strength  of  Materials  and  Theory  of  Structures. 8to 

Borr'tt  Elasticity  and  Resistance  of  the  Materials  of  Engineering.    6th  Edi- 
tion, Rewritten 8to 

Byrne's  Highway  (kmstruction Sto 

Inspectton  of  the  Materials  and  Workmanship  Employed  in  Construction. 

x6mo 

Church's  Mechanics  of  Engineering. .  • 8to 

Du  Bois's  Mechanics  of  Engineering.    VoL  I SmaU  4to 

Johnson's  Materials  of  (instruction Large  8to 

Keep's  Cast  Iron 8to 

Lanza's  Applied  Mechanics 8yo 

Martens's  Handbook  on  Testing  Materials.    (Henntng. )    a  Tob. 8to 

MerrilTs  Stones  for  BuikUng  and  Decoration Svo 

Merriman's  Text-book  on  the  Mechanics  of  Materials 8vo 

Strength  of  Materials. xamo 

MetcaVs  Steel.    A  Manual  for  Steel-users xamo 

Bstton's  Practical  Treatise  on  Foundations. 8to 
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s  00 

S  00 
S  00 

7  SO 

7  SO 

5  00 

3  00 

6  00 

7  SO 

6  00 
a  SO 

7  50 
7  SO 
S  00 

4  00 
X  00 
a  00 

5  00 


RockweU't  Roads  and  PftTementt  in  Frtnce larno*  i  as 

Smith's  Materials  of  Machines z3mo»  z 

Snow's  Principal  Spscios  of  Wood 8to,  3 

Spaldinc's  HTdrauUc  Cement zamo,  a 

Text-book  on  Roads  and  Pavements zamo»  a 

Thurston's  Materials  of  Engineerinc.    3  Parts 8to,  8  00 

art  I. — ^Ron-metalHc  Materials  of  Bngineerinc  and  Metallurgy 8to»  a  00 

Part  n. — ^Iron  and  Steel 8to,  3  so 

Part  m. — A  Tjreatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Consdtnents 8to»  a  so 

Thurston's  Tezt-book  of  the  Materials  of  Construction 8to,  5  00 

Tlllson's  Street  Bsvements  and  Paving  Materials .' .  .8vo,  4  00 

Waddell's  De  Pontibus.    (A  Pocket-book  for  Bridge  Bngineers.) . .  z(»mo,  mor. •  3  00 

Specifications  for  Steel  Bridges zamo,  z  as 

Wood's  Treatise  on  the  Resistance  of  Materials*  and  an  Appendix  on  the  Pres- 
ervation of  Timber 8vo»  a  00 

Elements  of  Analytical  Mechanics 8vo,  3  00 

Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and  Steel. .  .8vo»  4  00 

RAILWAY  ENGIHEERINO. 

Andrews's  Handbook  for  Street  Railway  Engineen.    3X5  inches,  morocco,  z  as 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Brooks's  Handbook  of  Street  Railroad  Location z6mo.  morocco,  z  so 

Butts's  Civil  Engineer's  Field-book z6mo,  morocco,  a  so 

Crandall's  Transition  Curve z6mo,  morocco,  z  so 

Railway  and  Other  Earthwork  Tables 8vo,  z  50 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.   z6mo,  morocco,  5  00 

Dredge's  History  of  the  Pennsylvania  Railroad :  (Z879) Pftper,  5  00 

o  Drinker's  Tunneling,  Explosive  Compounds,  and  Rock  Drills,  4to,  half  mor.,  as  00 

Usher's  Table  of  Cubic  Yards Cardboard,  as 

Godwin's  Railroad  Engineers' Field-book  and  Explorers' Guide z6mo,mor.,  a  50 

Howard's  Transition  Curve  Field-book z6mo,  morocco,  z  go 

Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments   8V0,  Z   DO 

MoHtor  and  Beard's  Manual  for  Resident  Engineers z6mo,  z  00 

Hagle's  Field  Manual  for  Railroad  Engineers z6mo  morocco.  3  00 

Philbrick's  Field  Manual  for  Engineers z6mo,  morocco,  3  00 

Searles's  Field  Engineering z6mo,  morocco,  3  00 

Railroad  Spiral. z6mo,  morocco,  z  so 

Taylor's  Prismoidal  Formul«  and  Earthwork 8vo,  z  so 

*  Trautwine's  Method  of  Calculating  the  Cubic  Contents  of  Excavations  and 

Embankmente  by  the  Aid  of  Diagrams. 8vo,  a  00 

The  Field  Practice  of  (Laying   Out   Circular   Curves   for  Railroads. 

zamo,  morocco,  a  so 

Cross-section  Sheet Poper,  as 

Webb's  Railroad  Construction,    ad  Edition,  Rewritten z6mo.  morocco,  5  00 

Wellington's  Economic  Theory  of  the  Location  of  Railways Small  8vo,  s  00 

DRAWIHG. 

Barr's  Kinematics  of  Machinery 8fo,  a  so 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

o         ••               *               "        AbridgedEd 8vo,  z  so 

CooUdge's  Manual  of  Drawing 8vo,  paper,  z  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers,    (/n  preta.) 

Durley's  Kinemstics  of  Machines 8vo,  4  oo 
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mrs Tact-book  on  Shftdw and  Slia4owt,«odPMipMlif«...,«^«««^....t?o,  a  oo 

Jamison's  Elements  of  Mechanical  Diawinc-    (/n  prMt.) 

/ooes's  Machine  Design: 

Part  L — Kinematics  of  Machinery Sfo»   i  so 

Part  IL — Form,  Strencth,  and  Proportions  of  Parts 8to»  3  00 

MacCocd'a  Slemonts  of  DescrlptiTe  Oeometr>   Sfo,  3  00 

Kinematica;  or.  Practical  Mechanism. • 8vo»  5  00 

pg^iiftii^ai  Dimwlnc 4to,  4  00 

Velocity  Diacrams 8to,  t  50 

^  Mahan's  DescriptiTe  Geometry  and  Stone-enttinc 8to,   i  50 

Industrial  Drawing.    (Thompeon.) 8to,   3  50 

Reed'f  Topographical  Drawinc  and  Sketching 4to»   5  00 

Reid'f  Coarse  in  Merhsnifsl  Drawing 8to»   a  00 

Text-book  of  Mechanical  Drawing  and  Blementary  Mechlne  Design.  .8to,   3  00 

Robinson's  Principles  of  Mechanism 8to,  3  00 

Smith's  Manual  of  Topographical  Drawing.    (McMillan.) 8to,   a  50 

Warren's  Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing . .  zamo,    z  00 

Drafting  Instruments  and  Operations. zamo,   z  as 

Manual  of  Elementary  Projection  Drawing. zamo,   z  50 

Manual  of  Blementary  Problems  in  the  Linear  PerspectiTo  of  Form  and  d 

Shadow zamo,   z  00 

Plane  Problems  in  Elementary  Geometry. zamo,   z  as 

Primary  Geometry zamo,       75 

Elements  of  Deacriptl?a  Oeonotryt  Shadows*  and  Parspecti?e  •  • 8fOt  3  S^ 

General  Problema  of  Shadea  and  Shadows Svo*  3  00 

Elements  of  Mschine  Cuuaa«ction  and  Dtawfaig 8vov  7  8* 

Problems.  Theorems,  and  Examplea  in  DescripthaOeomalrr 8fo»  a  s* 

Weisbach's  Kinematics  and  the  Power  of  T^nimlsslnn.      <Honnaan  and 

Klein.) 8^,    5  00 

Whelpley's  Practical  Instruction  in  the  Art  of  Lellsr  Bagrating zamo,  a  00 

WQson's  Topographic  Surveying 8vo,   3  5s 

Free-hand  Perspective Svo,   a  ga 

Fkee-hand  Letterizig. tro.   i  oa 

WooVs  Elementary  Course  in  Descriptive  Geometry. Large  8vo»  3  00 

ELECTRiaTT  AND  PHYSICS. 

Anthony  and  Brackotf  s  Test-book  of  Pbyilca.    <Magla.) Small  8vo»  3  00 

Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measoremants zamo,  z  00 

Benjamin's  History  of  Electricity Sto.  3  ea 

VokakCan. 8v«.  3  00 

Ckssen's  Quantitatlva  Chemical  Analysis  by  Electrolysis;   (Boltwood.).  .Svo,  3  00 

Crehore  and  Souier'a  Polarising  Photo-chronogiaph gvo,  3  00 

Dawson's  '*Encineering"  and  Electric  Ttaction  Pocket-book.  •  i6mo,  morocco,  5  00 
Dolezakk's  Theory  of   the   Lead  Accumulator   (Storage   Battery).    (Von 

Ende.) zamo, '  a  50 

Dahem's  Thermodynamics  and  Chamiatry.    (Burgess.) Svo,  4  00 

Flatber's  Dvnamometers,  and  the  Measaramant  of  Power zamo,  3  00 

Ollberfs  De  Magnate.    (Mottelay.) Svo,  a  so 

Banchatfs  Alternating  Currants  Explained. zamo,  z  00 

Bering's  Ready  Reference  Tables  (Conversion  Factors) z6mo,  morocco,  a  so 

Hoknan'a  Precision  of  Measurements Svo,  a  00 

Telssooplc  Mirror-seals  Method,  Adjustments,  and  Teats.. . .  .Large  Svo,  78 

Landsuer's  Spectrum  Analysis.   (Tingle.) Svo,  3  00 

LeChateller'sHigh-tamperature  Measurements.  (Boudooara^Burgess.  )zamo,  3  00 

L8b*s  Electrolysis  and  Elsctrosynthesis  of  Organic  Compounda.  (Lorena.)  zamo,  z  00 

^  Lyons^aTtaatisa  on  Electromagnetic  Phenomena .    Vols.  L  aai  IL  Svo,  sack.  6  00 

^  Mkhla.    Elamants  of  Wave  Motion  Bai*H«g  to  Sound  and  Light. Svo,  4  00 
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OOTs  Ou  uid  Fuel  Axialjiii  for  Bngiiieeri lamoi  z  as 

HaITb  Car  Lnbrication.. . . .  .* lamo,  z  oo 

Heiioc't  Ready  Reference  Tablet  (ConTersion  Factors) x6ino»  morocco,  a  50 

Hotton't  The  Gat  Bngme 8to,  s  oo 

Jooat't  Ifachfae  Detign: 

Part  I. — ^Kinematict  of  Machinery 8to,  i  50 

Part  n. — ^Pona,  Strength,  and  Pzoportiona  of  Parte 8fo,  3  00 

Kenft  Mechanical  Bngineer't  Pocket-book i6mo,  morocco,  5  00 

Karr't  Power  and  Power  Tkanamittion 8to,  a  00 

MacCofd't  Klnematira;  or.  Practical  Mechaniim. 8to»  s  00 

Mefhenirti  Dimwing 4to,  4  00 

Velocity  Diacramt 8to,  i  so 

Mahan't  Indnttrial  Dimwing.   (Thompeon.) 8to,  3  90 

Poole't  Calofiflc  Power  of  Fueb Sro,  3  00 

Rtid't  Count  in  Mechanical  Drawing gro.  a  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Deiign . . S^o,  3  00 

■kharda'a  Compreoted  Air zamo,  z  so 

Sobinaon*i  Prineiplei  of  Mechanitm 8vo,  3  00 

8mith*i  Prett-working  of  Metab 8vo,  3  00 

ThozMon't  Tjreatiae  on  Friction  and   Loet  Work  in  Machinery  and  MU 

Work 8to,  3  00 

Animal  at  a  Machine  and  Prime  Motor,  and  the  Lawt  of  Bnergetica.zamo,  z  00 

Waczen'fe  Blementi  of  Machine  Conatmction  and  Drawing 8ro,  7  so 

Weiabach't  Kinematict  and  the  Power  of  Traotmitsion.     Herrmann- 
Klein.) 8to,  5  00 

Machinery  of  Traosmiiaion  and  GoremorL    (Herrmann — ^Kkin.).  .8to.  s  w* 

HydrauLct  and  Hydraulic  Moton.    (Dn  Boit.) 8to,  s  00 

WohPt  Windmia  at  a  Prime  Mover. 8to,  3  00 

Wood't  Tar1»inet 8to.  a  so 

MAHBRIALS  OF  ENGINEERIHO. 

Borey't  Strength  of  Materiak  and  Theory  of  Stmctnrea 8vo,  7  50 

Borr^  Elasticity  and  Reaistanco  of  the  Materialt  of  Engineering.    6th  Edition, 

Reeet. 8fO,  7  s^ 

Chnzch'a  Mochanlct  of  Enginooriag 8to»  6  00 

Johnaon'B  Materiak  of  Conttruction Large  8to,  6  00 

Keep's  Cast  Iron 8to,  a  so 

Lanza't  Applied  Mechanica 8to,  7  so 

Martans's  Handbook  on  Testing  Materials.    (Henning.) 8vo,  7  90 

Merriman's  Text-book  on  the  Mechanics  of  Materials 8yo,  4  00 

Strength  of  Materials zamo,  z  00 

MetcalTs  SteeL    A  Manual  for  Steel-nsers zamo.  i  00 


Smith's  Materials  of  Mschines lamo  i 

Thurston's  Materials  of  Engineering 3  vola,  Svo,  8  00 

Part  n.— Iron  and  Steel 8to,  3  so 

Part  in. — A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents. 870  a  so 

Text-book  of  the  Materials  of  Construction. 8ro«  5  00 

Wood's  Treatiso  on  the  Resistance  of  Materials  and  an  Appendix  on  tlie 

Pretenration  of  Timber 870,  a  00 

Elements  of  Analytical  Mechanics 8to,  3  00 

Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and  SteeL.  .8vo,  4  00 


• 


STEAM-ENGINES  AND  BOILERS. 


Camofs  Reflections  on  the  Motive  Power  of  Heat.    (Thurston.) zamo,  1  so 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  .z6mo,  mor.,  s  co 

Ford's  Boiler  Makingfor  Boiler  Makers z8mo,  z  00 
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Ooii't  LocomotlTB  Sparks 8to,  a  oo 

Hemrnway't  IniUcator  Pnctice  and  Steom-eng-ne  Economy xamo,  a  oo 

Hntton'i  Mechanical  Bngineerinc  of  Poww  Plants 8to»  5  00 

Haat  and  Heat-enginaa 8to»  5  00 

Kant* s  Staam-boilar  Economy 8to,  4  00 

Kneass's  Pimctka  and  Thaory  of  tha  Injector 8to  t  50 

KacCofd'a  SUda-valvea 8to,  a  00 

Mayer's  Modem  Locomotive  Conatruction 4to,  xo  00 

Paabody's  Manual  of  tha  Steam-engine  Indicator xamo»  x  50 

Tahles  of  tha  Properties  of  Saturated  Steam  and  Other  Vapors 8to.  x  00 

Tharmodynamica  of  tha  Steam-engine  and  Other  Heat-engines 8to«  s  00 

Vahra^ears  for  Steam-engines 8to,  a  50 

Psabody  and  Millar'k  Steam-boilexi Sro,  4  oa 

Pfeay^  Twenty  Tears  with  the  Indicator Large  Svo,  a  50 

Paphi'fe  Thermodynamics  of  RaTexsible  Cyclea  in  Gaaea  and  Saturated  Vapors. 

(Osterbarg.) xamo»  x  ag 

Saagan's  Locomotifaa :  Simple,  Compound,  and  Electric xamo,  a  sa 

Hootgen'a  Prindplea  of  Tharmodynamica.    (Du  Bois.) 8to,  500 

Sinciair'a  Locomotivo  Engine  Roxming  and  Management xamo,  a  oa 

Smart's  Handbook  of  Engineering  Laboratory  Practice xamo«  a  sa 

Snow's  Steam-boiler  Practice 8to,  3  oa 

Spangler'a  Valva-gears 8to«  a  so 

Votes  on  Thermodynamics xamo»  x  oo 

Spangler,  Greene,  and  MarshalTs  Blamenis  of  Steam-engineering 8to,  3  00 

Thnxston's  Handy  Tables Sto,  x  S* 

Manual  of  tha  Steam-engine a  Tola..  Sto,  xo  00 

Part  L — History,  Stmctuce,  and  Theory Sto,  6  00 

Part  n. — Deaign,  Construction,  and  Operation Sro,  6  oa 

Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indicator  axid 

tha  Prony  Brake Svo  5  00 

Stationary  Steam-engines Svo,  a  s^ 

Steam-boiler  Explosions  in  Theory  and  in  Practice xamo  x  50 

Manual  of  Steam-boilecf,  Their  Designs,  Construction,  and  Operation  .Svo,  5  00 

Weisbach's  Heat,  Steam,  and  Steam-engines.    (Du  Bois.) Svo,  5  00 

Whitliam's  Steam-engine  Design Svo,  s  00 

Wilson's  Treatise  on  Steam-boilers.    (Flather.) x6mo,  a  5a 

Wood's  Thermodynamics  Heat  Motors,  and  Refrigerating  Machines.  •  •  .Svo,  4  00 


MECHAinCS   AKD  MACHIIIBRT. 


Barr's  Kinematics  of  Machinery Svo,  a  50 

Bovey's  Strength  of  Materials  and  Theory  of  Structurea Svo,  7  50 

Chaae's  The  Art  of  Pattern-making xamo,  a  50 

ChordaL — Extracts  from  Letters xamo,  a  00 

Church's  Mechanics  of  Engineering Svo,  6  00 

Hotes  and  Examples  in  Mechanics Svo,  a  00 

Comptoa's  First  Lessons  in  Metal-worldng xamo,  x  50 

Compton  and  De  Groodt's  The  Speed  Lathe xamo,  x  50 

Cromwell's  Treatise  on  Toothed  Gearing xamo,  x  50 

Treatise  on  Belts  and  Pullejs xamo,  x  50 

Dana's  Text-book  of  Elementary  Mechanics  for  the  Use  of  Colleges  and 

School* xamo,  x  50 

Dingey's  Machinery  Pattern  Making xamo,  a  00 

Dfttdge's  Record  of  the  Transportation  Exhibits  Building  of  the  World's 

Columbian  Exposition  of  1893 4to,  half  morocco,  5  00 
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Du  Bo!g's  ElenMnUry  Princlplet  of  MachAnict: 

VoL     I. — Kinamiitici 8vo, 

Vol    n.— Statics 8vo, 

VoL  m.— Kinetict 8vo, 

Mechanics  of  Bngineerinc.    VoL  L Small  4to, 

VoLIL Small  4to,   : 

Durky't  Kinematics  of  Machines Sto, 

Fitzgerald's  Boston  Machinist i6mo, 

Flather's  Dynamometefs,  and  the  Measurement  of  Power iamo« 

Rope  Driving lamo. 

Ooss's  LocomotiTe  Sparks Sfo 

HaU*s  Car  Lubrication lamo. 

Holly's  Art  of  Saw  Filing zSmo 

*  Johnson's  Theoretical  Mechsnics ismo, 

Statics  by  Graphic  and  Algebraic  Methods Sro, 

Jones's  Machine  Design: 

Part  L — ytnffmstics  of  Machinery 8vo, 

Part  n. — Form.  Strangth,  and  Proportions  of  Parts 8fo» 

Ken's  Power  and  Power  Transmission .8vo, 

Lanza's  Applied  Mechanics Svo, 

MacCoxd's  Kinematics;  or,  Practical  Mechanism 8vo, 

Veh>city  Diagrams 8fo, 

Maurer's  Technical  Mechsnics. 8vo, 

Merriman's  Text-book  on  the  Mechanics  of  Materials 8vo, 

«  Mlchlet  Elements  of  Analytical  Mechanics 8vo. 

Reagan's  Locomotives:  Simple.  Compoimd,and  Electric tamo. 

Raid's  Coarse  in  Merhsniral  Drawing 8to, 

Text-book  of  Mechanical  Drawing  and  Elementary  Msrhine  Design.  .Svo, 

Richards's  Compressed  Air zamo, 

Robinson's  Principles  of  Mechanism 8yo» 

Ryan,  Horris,  and  Hozie's  Electrical  Machinery.    VoL  1 8to, 

Sinclair's  Locomotive-angine  Running  and  Management lamo. 

Smith's  Press-working  of  Metals 8to, 

Materials  of  Machines. lamo, 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo, 

Thurston's  Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill 

Work 8to, 

Animalas  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics .  iamo» 

Warren's  Elements  of  Machine  Construction  and  Drawing Svo, 

Weisbach's    Kinemstics    and    the  Power  of   Transmission.    (Herrmann — 

Klein.) Svo, 

Machinery  of  Transmission  and  Governors.    (Herrmann — Klein.). 8vo, 

Wood's  Elements  of  Analytical  Mechanics 8vo, 

Principles  of  Elementary  Mechanics xamo. 

Turbines < 8vo, 

The  World's  0>lnmbian  Exposition  of  1893 • 4to, 
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MSTALLUR6T. 

Egleston's  Metallurgy  of  Silver,  Gold,  and  Mercury: 

VoL  L— Silver 8vo,  7  So 

VoL  n.— Gold  and  Mercury 8vo,  7  So 

^^  Ilea's  Lead-amelting.    (Postage  9  cents  addltionaL) lamo,  a  50 

Keep's  Cast  Iron 8vo,  a  50 

Kunhardt'l  Practice  of  Ore  Dressing  in  Europe 8vo,  i  50 

Lc  Chatelier's  High-temperature  Measurements.  (Boudouard — Burgess.)  ^zamo,  3  00 

MetcalTs  SteeL    A  Manual  for  Steel-users zamo,  a  00 

Smith's  Materials  of  Machines zamo,  z  00 
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Tbunton*!  MaterUls  of  Engineering.    In  Three  Parti 8to, 

Part  n. — ^Iron  and  Steel 8to. 

Part  nL— A  Treatise  on  Bmnei,  Bronzes,  and  Other  AUoya  and  their 
ConstitiientB 8to, 

Ulke't  Modem  Electroljtk  Copper  Refining .* 8to, 

MI5ERAL007. 

Barringer*!  Description  of  Ifinerals  of  Commercial  Value.    Oblong,  morocco, 

Boyd's  Resonrces  of  Sontliwest  Virginia 8vo, 

Map  of  Southwest  Virginia. Pocket-book  form. 

Brush's  Manual  of  DeterminatiTe  Mineralogy.    (Penfleld.) 8to, 

Chester's  Catalogue  of  Minerals 8to,  paper. 

Cloth, 

Dictionary  of  the  Names  of  Minerals 8to, 

Dana's  System  of  Ifineralogy. Large  8to,  half  leather. 

First  Appendix  to  Dana's  Hew  "System  of  Mineralogy.". . .  .Large  8to, 

Text-book  of  Mineralogy 8to, 

Minerals  and  How  to  Study  Them ixmo. 

Catalogue  of  American  Localities  of  Minerals Large  8to, 

Manual  of  Ifineralogy  and  Pstrography lamo, 

Bakls's  Mineral  Tables. 8vo, 

Bgleston's  Catalogue  of  Minerals  and  Synonyms 8vo, 

Hussak's  The  Determination  of  Rock-forming  Minerals.    (Smith.)  SmaUSvo. 
Merrill's  Non-metaUic  Minerab:  Their  Occurrence  and  Uses 8to, 

*  PenfleU's  Notes  on  Determinative  Minerak>gy  and  Record  of  Mineral  Tests. 

8to,  paper, 
Roasnbusch's  Microscopical  Physiography  of  the  Rock-making  Minerals. 

(Iddings.) 8vo, 

^  miman's  Text-book  of  Important  Minerals  and  Docks 8to, 

Williams's  Manual  of  Lithology 8vo, 

MlHUfO. 

Beard's  Ventilation  of  Mines lamo,  a  so 

Boyd's  Resources  of  Southwest  Virginia 8vo,  a  oo 

Map  of  Southwest  Virginia Pocket-book  form,  a  o» 

^  Drinker's  Tunneling,  Explosive  Compounds,  and  Rock  Drills. 

4to,  half  morocco,  as  oo 

Bissler's  Modem  High  ExpkioiTes 8to,  4  00 

Fowler's  Sewage  Works  Analyses zamo,  a  00 

Goodyear's  Coal-mines  of  the  Western  Coast  of  the  United  States zamo,  a  so 

nUseng's  Manual  of  Mining Sto,  4  00 

**  Des's  Lead-smelting.    (Postage  gc  additionaL) lamo,  a  so 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe 8to,  z  90 

O'Driscolfs  Notes  on  the  Treatment  of  (void  Ores 8to,  a  00 

•  Walke's  Lectures  on  ExplosiTes 8to,  4  oo 

Wilson's  Cyanide  Processes zamo,  z  50 

Chlorination  Process zamo,   z  so 

Hydraulic  and  Placer  Mining zamo,   a  00 

Treatise  on  Practica]  and  Theoretical  Mine  Ventilation zamo    z  as 

SANITARY  SCIENCE. 

Oipeland's  Manual  of  Bacteriology.    (In  prtparoUion.) 

Folwell's  Sewerage.    (Designing,  (instruction  and  Maintenance.) *.8vo,  3  00 

Water-supply  Engineering 8fO,  4  00 

Fuertes's  Water  and  Public  Health zamo,  z  50 

Water-flltzmtion  Works iamo»  a  so 
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OerhAfd't  Guide  to  Sanitary  Hotiaa  fnipection 161x10,  i  00 

Ooodrich*a  Economical  Dispoaal  of  Town*a  Rofoia Demy  8to,  3  SA 

Hazen'a  Filtration  of  Public  Water-tuppUea 8to.  3  00 

KiefBted'a  Sewage  Ditpocal lamo,  i  35 

Leach'a  The  Inapection  a^d  Analyaii  of  Pood  with  Special  Reference  to  State 

ControL    (/n  prtparaiian,) 
Xaaon't  Water-enpply.    (Coniidered  Principally  from  a  Sanitary  Stand- 
point)   3d  Edition,  Rewritten 8vo,  4  00 

Examination  of  Water.    (Chemical  and  BacterioloficaL) lamo,  i  as 

Kerriman's  Blementi  of  Sanitary  Engineering     8to,  a  00 

NIchols'B  Water*«npp]y.    (Conaidered  Mainly  from  a  Chemical  and  Sanitary 

Standpoint)    (1883.). 8to,  a  so 

Ogden'e  Sewer  Deeign lamo,  a  00 

Preecott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Reference 

to  Sanitary  Water  Analysis. zamo,  z  as 

*  Price's  Handbook  on  Sanitation zamo,  i  so 

Richards'.  Cost  of  Pood.    A  Study  in  Dietaries ' lamo,  100 

Cost  of  Living  as  Modified  by  Sanitary  Science zamo,  1  ea 

Richarda  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo,  a  00 

*  Richarda  and  Williams's  The  Dietary  Computer 8to*  z  s^ 

Ridears  Sewage  and  Bacterial  Purification  of  Sewage 8vo,  3  so 

Tumeaure  and  RusselTs  Public  Water*«uppiiea 8to,  s  00 

Whipple's  Microscopy  of  Drinking-^water 8vo,  3  so 

WoodhuU's  Hotes  and  Military  Hygiene z(»ino,  z  so 


mSGEIXAHEOUS. 

Barker's  Deep  sea  Soundings 8to,  a  00 

Emmons's  Geological  Guide-book  of  the  Rocky  Modntain  Excursion  of  the 

International  Congress  of  Geologists Large  8to  z  so 

Ferrers  Popuktf  Treatise  on  the  Winds Svo  4  00 

Ebdnes's  American  Railway  Management zamo,  a  50 

Motfs  Composition,  DigestiblHty.  and  HutritiveVahie  of  Food.  Mounted  chart  z  as 

Fallacy  of  the  Present  Theory  of  Sound i6mo  z  00 

Rkkstts'k  EDstory  of  ReiMselaaT  Polytechnic  Lutitute,  z8a4-i804-  Small  8to,  3  00 

Rotherham's  Bmphaslied  Now  Teatament Large  Sto,  a  00 

Steera  Ttaatiae  on  the  Diaeaaea  of  the  Dog 8vo,  3  5o 

Totten's  Important  Question  in  Metrology 8to  j  so 

The  World's  Columbian  Exposition  ot  Z893 4to»  z  00 

Worcester  and  AtUnaon.    SmaU  Boepitals,  Establishment  and  Maintenance, 
and  Suggestions  for  Hospital  Architecture,  with  Plana  for  a  Small 

Hospital lamot  i  aS 

HEBREW  AHD  CHALBEE  TEXT-BOOKS. 

Gfien's  Grammar  of  the  Hebrew  Language 8to,  3  00 

Elementary  Hebrew  Grammar lamo,  x  25 

Hebrew  Chreatomathy S^o,  2  00 

Osaenins's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregellea.) •• SmaU  4to,  half  morocco,  s  00 

Lettaria's  Hebrew  Bible S^o.  2  as 
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